STATE  LIBRARY  OF  PENNSYLVANIA 


3 0144  00524762  2 


Digitized  by  the  Internet  Archive 
in  2016  with  funding  from 

This  project  is  made  possibie  by  a grant  from  the  Institute  of  Museum  and  Library  Services  as  administered  by  the  Pennsyivania  Department  of  Education  through  the  Office  of  Commonweaith  Libraries 


https  ://archive.or9''detaiis/hydroiogyofmetam00poth 


Ground  Water  Report  W 25 

1968 


Hydrology  of  the 
Metamorphic  and  Igneous  Rocks 
of  Central  Chester  County, 
Pennsylvania 


Charles  W.  Poth 


COMMONWEALTH  OF  PENNSYLVANIA 
DEPARTMENT  OF  INTERNAL  AFFAIRS 
John  K.  Tabor,  Secretary 

BUREAU  OF 

TOPOGRAPHIC  AND  GEOLOGIC  SURVEY 
Arthur  A.  Socolow,  State  Geologist 


0 3 5^ 


''■‘^  ^^CT'Xoi^^ 


-. ' ' 


BULLETIN  W 25 


Hydrology  of  the 
AAetamorphic  and  Igneous  Rocks 
of  Central  Chester  County, 
Pennsylvania 


by  Charles  W.  Poth 


U.  S.  Geological  Survey 


Prepared  by  the  United  States  Geological  Survey, 
Water  Resources  Division,  in  cooperation  with  the 
Pennsylvania  Geological  Survey 


PENNSYLVANIA  GEOLOGICAL  SURVEY 

FOURTH  SERIES 

HARRISBURG 


1968 


ADDITIONAL  COPIES 

OF  THIS  PUBLICATION  MAY  BE  PURCHASED  FROM 
CAPITOL  BOOK  STORE,  ROOM  54,  MAIN  CAPITOL  BUILDING 
HARRISBURG,  PENNSYLVANIA  17125 


PREFACE 


The  information  in  this  report  on  subsurface  water  resources  of  central 
Chester  County  will  benefit  all  water  consumers  in  that  rapidly  developing 
suburban  area  of  southeastern  Pennsylvania.  With  a population  increase  in 
the  area  of  about  23  percent  from  1950  to  1960  plus  rapid  growth  of  com- 
mercial and  industrial  establishments,  the  great  demand  for  water  has  neces- 
isitated  the  development  of  subsurface  water  resources.  Individual  and  com- 
jmunity  water  wells,  as  well  as  industrial  wells,  are  supplying  many  of  the 
I newer  establishments  with  water. 

The  water-yielding  capacities  of  the  rocks  in  this  area  differ  widely  from 
place  to  place;  yields  of  more  than  300  gallons  per  minute  were  obtained 
from  favorably  located  and  properly  constructed  wells.  The  ground  water 
occurs  in  fractures  and  minute  openings  in  the  various  rock  types.  Based 
on  data  collected  from  about  600  wells,  the  best  yields  were  obtained  from 
wells  in  valleys,  while  the  poorest  yields  came  from  wells  on  hills  or  up- 
lands. The  water  is  soft  and  generally  of  good  quality,  except  for  a minor 
number  of  improperly  located  wells  which  show  evidence  of  contamination 
by  cesspool  or  barnyard  wastes. 

The  information  in  this  report  should  assist  planners  and  water  authori- 
ties to  coordinate  water  wells  with  available  water  resources.  Water  well 
drillers  will  benefit  through  guidance  toward  maximum  water  well  yields; 
the  data  in  this  report  will  help  them  to  know  the  most  favorable  locations 
to  drill,  probable  depths,  probable  yields,  and  the  anticipated  quality  of  the 
water. 
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Hydrology  of  the  Metamorphic  Rocks  of 
Central  Chester  County,  Pennsylvania 

by 

Charles  W.  Poth 


ABSTRACT 

The  area  covered  by  this  report  is  in  southeastern  Pennsylvania  and  includes  not 
only  central  Chester  County  but  a small  amount  of  the  adjoining  Lancaster  and 
Delaware  Counties.  The  rocks  underlying  the  area  were  mapped  by  Bascom  and 
itose  (1932)  and  are  chiefly  the  Baltimore  Gneiss,  the  Glenarm  Series  (Setters  For- 
Tiation,  Cockeysville  Marble,  Wissahickon  Formation,  and  Peters  Creek  Schist),  and 
jabbro.  The  Chester  Valley,  which  trends  northeastward  across  the  northwest  part 
)f  the  area,  contains  the  Chickies  Quartzite,  Harpers  Schist,  Antietam  Quartzite, 
V^intage  Dolomite,  Kinzers  Formation,  Ledger  Dolomite,  and  Elbrook  Limestone  of 
Dambrian  age;  and  the  Conestoga  Formation  of  Ordovician  age.  Small  bodies  of 
lerpentine  and  pegmatite  are  scattered  throughout  the  area,  except  in  the  Chester 
Valley.  Several  diabase  dikes  of  Triassic  age  trend  generally  north  or  northeastward 
icross  the  area. 

The  ground  water  occurs  in  and  moves  through  these  rocks  in  fractures.  The  size, 
lumber,  and  degree  of  interconnection  of  the  fractures  intercepted  by  a well  deter- 
mine the  well’s  sustained  yield.  Most  of  the  formations  were  found  to  yield  water 
o wells  through  several  zones.  The  zones  were  generally  less  than  200  feet  below 
he  surface,  but  some  in  the  Baltimore  Gneiss  were  encountered  at  depths  exceeding 
100  feet. 

About  10  percent  of  the  wells  on  which  yield  data  were  obtained  yielded  more 
;han  50  gpm  (gallons  per  minute),  and  5 percent  of  this  group  yielded  more  than 
)30  gpm.  The  median  depth  of  the  wells  yielding  over  50  gpm  was  160  feet  and 
about  two-thirds  of  these  wells  were  situated  in  draws  and  valleys. 

Depth  of  weathering  does  not  exert  much  control  on  well  yields;  however,  the 
weathered  zone  is  important  as  a storage  reservoir  where  it  is  not  highly  clayey. 

Topography  is  probably  the  greatest  single  factor  affecting  the  yield  and  depth  of 
wells.  Wells  in  the  lower  topographic  positions  yielded  more  water  and  were  shal- 
( lower  than  those  on  slopes  or  upland  areas. 

Increasing  metamorphic  rank  (from  slate  to  gneiss)  in  some  of  the  Glenarm  for- 
mations was  associated  with  a decrease  in  the  yield  of  the  wells.  It  was  also  associ- 
ated with  an  increase  in  the  depth  of  weathering  of  the  rocks,  as  shown  by  the  in- 
:rease  in  the  amount  of  casing  needed  in  the  wells. 

The  hydrologic  properties  of  the  formations  were  observed  to  range  widely  even 
within  short  distances.  The  range  was  sufficiently  great  that  the  formations  could 
aot  be  separated  from  one  another  on  the  basis  of  their  hydrologic  properties. 

Most  of  the  water  was  of  the  calcium-magnesium  bicarbonate  type.  The  dissolved- 
solids  content  was  generally  low,  median  146  ppm  (parts  per  million),  the  water  was 
soft,  hardness  3 gpg  (grains  per  gallon);  and  slightly  acidic,  median  pH  6.6. 
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HYDROLOGY  OF  CENTRAL  CHESTER  COUNTY 


A large  number  of  the  samples  analyzed  appeared  to  be  contaminated,  as  indi- 
cated by  the  abundance  of  nitrate,  sulfate,  chloride,  and  sodium.  The  sources  of  con- 
tamination are  believed  to  be  local. 

Large  yields  were  obtained  from  wells  in  several  of  the  formations.  The  maximum 
yields  obtained  were  270  gpm  from  the  Baltimore  Gneiss,  330  gpm  from  the  Cockeys- 
ville  Marble,  350  gpm  from  the  Wissahickon  Formation,  312  gpm  from  the  Peters 
Creek  Schist,  665  gpm  from  the  Vintage  Dolomite,  150  gpm  from  the  Ledger  Dolo- 
mite and  Elbrook  Limestone,  175  gpm  from  the  Conestoga  Limestone,  125  gpm  from 
the  gabbro,  and  80  gpm  from  the  serpentine. 


INTRODUCTION 

PURPOSE  AND  SCOPE 

The  investigation  on  which  this  report  is  based  was  undertaken  to  study 
the  occurrence  of  ground  water  in  an  area  of  metamorphic  and  igneous 
rocks;  accordingly,  an  area  was  selected  that  included  a large  number  of 
these  rock  types.  Some  of  the  principal  objectives  were  to  determine  the 
relation  of  factors  such  as  well  yield,  well  depth,  depth  of  water-bearing 
zones,  depth  of  weathering,  and  chemical  quality  of  the  water  to  rock 
type  and  topographic  and  geographic  position  of  the  well. 

The  study  was  made  in  an  area  undergoing  rapid  suburban  develop- 
ment so  as  to  provide  information  that  will  aid  in  the  efficient  utiliza- 
tion of  the  ground-water  resources. 

LOCATION  OF  THE  AREA 

The  area  is  in  southeastern  Pennsylvania  between  39°  52'  30"  and  40°  00' 
N.  latitude  and  75°  30'  and  76°  00'  W.  longitude.  The  West  Chester, 
Unionville,  Coatesville,  and  Parkesburg  7 -minute  topographic  quad- 
rangles provide  topographic  coverage  for  the  area.  Most  of  the  area  is  in 
central  Chester  County,  but  the  southeast  corner  of  the  West  Chester  quad- 
rangle lies  in  Delaware  County,  and  a narrow  strip  along  the  western  border 
of  the  Parkesburg  quadrangle  is  in  Lancaster  County.  (Figure  1.) 

METHODS  OF  STUDY 

An  inventory  was  made  of  approximately  620  domestic,  industrial,  and 
municipal  wells,  and  1-hour  pumping  tests  were  made  on  94  of  these 
wells.  Electric  logs  were  made  of  five  wells  and  the  depth  and  yield  of 
water-bearing  zones  were  determined  by  the  brine-tracing  method  on  the 
same  wells.  Periodic  water-level  measurements  were  made  on  three  weUs. 
Approximately  400  samples  of  ground  water  were  tested  in  the  field  for 
pH,  hardness,  and  specific  conductance.  More  complete  chemical  analyses 
of  31  samples  were  made  in  the  laboratory  of  the  U.  S.  Geological  Survey. 
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[Figure  1.  Map  of  southeastern  Pennsylvania  showing  the  location  of  the  areo  of  this  in- 
I vestigation. 

I 

PREVIOUS  INVESTIGATIONS 

Southeastern  Pennsylvania  is  one  of  the  classic  problem  areas  of  North 
American  geology  and  has  been  thought  to  hold  the  key  to  the  solution 
of  problems  in  both  the  northern  and  southern  Appalachians.  As  such, 
lit  has  been  the  focus  of  much  study,  and  many  reports  have  been  written 
about  the  geology  of  the  area.  For  the  purpose  of  this  report,  however,  it 
is  sufficient  to  mention  only  a few. 

The  geology  was  mapped  by  Bascom  and  Stose  (1932)  and  structural 
details  of  part  of  the  area  were  further  delineated  by  McKinstry  (1961). 
Swartz  (1948)  offers  an  excellent  summary  of  work  done  up  to  1948. 

The  ground-water  resources  were  discussed  briefly  by  Hall  (1934)  in  a 
report  on  the  ground  water  in  southeastern  Pennsylvania.  Olmsted  and 
Hely  (1962)  described  ground-water  surface-water  relationships  in  the 
I Brandywine  basin. 
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WELL-NUMBERING  SYSTEM 

The  well-numbering  system  used  in  this  report  shows  the  location  ol  ( 
wells  according  to  a latitude-longitude  grid  system.  Each  number  con- 
sists of  three  groups  of  digits.  For  example,  in  the  number  959-532-3. 
which  was  assigned  to  a well  at  Goshenville  in  the  West  Chester  quad- 
rangle, the  first  group  (959)  is  composed  of  the  last  digit  of  the  degrees 
(39)  and  the  two  digits  of  the  minutes  (59)  that  define  the  latitude  on 
the  south  side  of  a 1-minute  quadrangle;  the  second  group  (532)  con- 
sists of  the  last  digit  of  the  degrees  (75)  and  the  two  digits  of  the  minutes 
(32)  that  define  the  longitude  on  the  east  side  of  a 1-minute  quadrangle. 
The  last  segment  (3)  indicates  the  consecutive  number  assigned  to  the 
well  in  this  1-minute  grid.  Plates  1 and  2 show  the  locations  of  selected 
wells  in  the  project  area. 

GEOGRAPHY 
Topography  and  Drainage 

The  area  of  the  investigation  is  in  the  Piedmont  Province  and  lies  mostly 
in  the  Piedmont  Upland  Section,  but  it  includes  also  the  Chester  Valley 
— a narrow,  elongate  extension  of  the  Conestoga  Valley  Section — which 
trends  northeastward  across  the  Parkesburg  and  CoatesviUe  quadrangles 
and  intercepts  the  northwest  corner  of  the  Unionville  quadrangle. 

The  upland  is  maturely  dissected  and  slopes  gently  southeastward.  The 
highest  hill  is  in  the  northwest  corner  of  the  Parkesburg  quadrangle;  it 
reaches  an  altitude  of  860  feet.  The  lowest  altitude  is  in  the  southwest 
corner  of  the  West  Chester  quadrangle,  where  the  Brandywine  Creek 
leaves  the  area  at  an  altitude  of  about  160  feet. 

About  two-thirds  of  the  area  is  drained  by  the  Brandywine  Creek,  which 
flows  into  the  Delaware  River  via  Christiana  River.  The  drainage  divides 
of  the  Brandywine  are  located  approximately  by  north-south  lines  through 
Parkesburg  and  West  Chester.  The  area  west  of  the  Brandywine  basin  is  | 
drained  into  the  Susquehanna  River  by  Octoraro  Creek  and  its  tributaries. 
East  of  the  Brandywine  basin  the  area  is  drained  by  Chester  and  Ridley 
Creeks,  which  flow  into  the  Delaware  River. 

Climate 

The  climate  of  southeastern  Pennsylvania  is  characterized  by  hot,  humid  i 
summers  during  which  temperatures  reach  90°  F or  above  on  an  average 
of  25  days  each  year.  Winters  are  comparatively  mild,  for  temperatures 
rarely  reach  0°  F and  fall  below  freezing  on  an  average  of  less  than  100 
days  each  year.  Approximately  30  inches  of  snow  falls  each  year,  and  the 
land  is  snow-covered  about  one-third  of  each  winter.  The  frost-free  period 
averages  about  180  days. 
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Climatic  data  are  available  from  two  stations  of  the  U.  S.  Weather  Bu- 
reau in  the  area.  One  set  of  data  is  recorded  at  the  Philadelphia  Electric 
Co.,  1 mile  southwest  of  Coatesville;  the  other  is  recorded  at  the  Daily 
Local  News,  at  West  Chester.  These  data  (based  on  a period  of  record 
from  1931-1955)  show  that  the  area  has  a mean  annual  temperature  of 
about  53°  F and  a mean  annual  precipitation  of  about  46  inches.  Monthly 
averages  of  temperature  and  precipitation  for  each  station  are  shown  in  the 
following  table. 


Average  monthly  temperature  and  precipitation  at  U.  S.  Weather  Bureau 
stations  for  the  period  1931-1955^ 


Month 

Temperature  (°F) 
Coatesville  West  Chester 

Precipitation  (inches) 
Coatesville  West  Chester 

January 

30.5 

30.8 

3.87 

3.76 

February 

30.6 

31.4 

3.62 

3.63 

March 

39.9 

39.4 

4.13 

3.92 

April 

50.4 

50.0 

3.73 

3.69 

May 

61.4 

61.0 

3.90 

4.34 

June 

70.3 

69.7 

4.21 

4.26 

July 

75.2 

75.5 

4.19 

4.55 

August 

72.9 

73.3 

5.29 

5.37 

September 

65.8 

66.9 

3.15 

3.54 

October 

54.9 

56.5 

3.17 

3.14 

November 

43.2 

45.1 

3.60 

3.96 

December 

33.0 

34.8 

3.33 

3.28 

1 Kaufman,  N.  M.,  1960. 


Population  and  Water  Use 

The  population  of  the  area  has  increased  about  23  percent  (to  nearly 
73,500)  between  1950  and  1960;  a rate  of  growth  that  is  nearly  three 
times  that  of  the  state  as  a whole  (7.82  percent).  Most  of  the  increase 
has  taken  place  around  West  Chester,  in  townships  such  as  Pocopson, 
Thombury,  West  Goshen,  Westtown,  and  Willistown,  where  the  population 
has  more  than  doubled. 

The  growth  rate  of  the  boroughs  has  been  much  less  than  the  townships. 
The  City  of  Coatesville,  for  example,  lost  about  6 percent  of  its  popula- 
tion between  1950  and  1960.  The  townships  adjacent  to  each  of  the 
municipalities  show  an  attendant  increase  in  population  that  more  than 
balances  the  latter’s  growth  rate. 

The  changes  in  population  are  producing  a change  in  the  pattern  of 
water  use.  The  large  municipalities  such  as  West  Chester  and  Coatesville 
have  utilized  surface-water  supplies  and  are  continuing  to  do  so.  How- 
ever, the  increasing  demand  for  water  in  the  townships  is  being  satisfied 
by  ground  water.  Individual  wells  are  used  at  isolated  houses  and  in  some 
of  the  housing  developments,  but  community  wells  are  used  for  public 
supply  in  an  increasing  number  of  the  new  developments. 
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GEOHYDROLOGY 

GEOLOGIC  SETTING 

The  geology  of  southeastern  Pennsylvania  is  extremely  complex  and 
has  been  the  subject  of  much  study.  Swartz  (1948)  offers  an  excellent 
summary.  More  recently  McKinstry  (1961)  has  published  the  results  of 
a detailed  study  of  the  structure  of  the  controversial  Glenarm  Series,  which 
underlies  a large  part  of  the  area. 

Geologic  Structures 

The  rocks  in  the  area  covered  by  this  report  range  in  age  from  Pre- 
cambrian  to  Ordovician,  and  are  chiefly  metamorphosed  sediments,  but 
they  include  also  considerable  amounts  of  igneous  rocks.  Because  of  their 
age  and  position  in  the  Appalachian  geosyncline,  the  rocks  have  been  in- 
tensively folded  and  faulted.  The  prominent  structures  of  the  area  are 
shown  in  Figure  2. 


40‘'00' 


39°55' 


39°52'30'' 


Figure  2.  Map  showing  the  major  geologic  structures  and  zones  of  metamorphism  (modified 
from  McKinstry,  1961). 


The  Chester  Valley,  a narrow,  elongate  feature  on  the  northwest  limb 
of  a syncline  in  the  Peach  Bottom  synclinorium,  trends  east-northeast 
across  the  western  part  of  the  area.  The  valley  is  underlain  by  Cambrian 
and  Ordovician  limestone  and  dolomite  and  is  flanked  along  the  northern 
side  by  Cambrian  quartzite  and  schist.  The  hills  north  of  the  valley  are  on 
the  southeast  limb  of  the  Mine  Ridge  anticline;  they  are  underlain  by 
Precambrian  gneiss  and  gabbro  containing  small  elongate  intrusions  of 
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serpentine,  and  by  fault-slices  of  Cambrian  quartzite,  schist,  and  carbo- 
nates. Dikes  and  siUs  of  pegmatite  strike  predominantly  east-northeastward 
across  the  gneiss,  the  gabbro,  and  the  quartzite. 

South  and  east  of  Chester  Valley  the  area  is  underlain  chiefly  by  gabbro- 
intruded  gneiss  and  a group  of  metamorphosed  sediments  known  as  the 
Glenarm  Series.  Several  prominent  diabase  dikes  of  Triassic  age  strike 
northeastward  across  the  area. 

The  southwestward-plunging  anticlinal  West  Chester  Prong  and  the 
Brandywine  synclinorium  are  the  dominant  structural  features  in  the 
central  part  of  the  area.  The  northeast  end  of  the  Brandywine  synclino- 
rium extends  along  the  northwest  flank  of  the  West  Chester  Prong,  where 
it  is  termed  the  Marshallton  Trough  and  is,  in  turn,  flanked  by  the  narrow 
anticlinal  Poorhouse  Prong.  The  synclinorium  extends  along  the  south- 
east side  of  the  West  Chester  Prong  also — where  its  eastern  end  is  called 
the  Westtown  syncline. 

The  recumbent  WoodviUe  anticline,  which  has  been  overturned  to  the 
northwest,  lies  at  the  nose  of  the  Brandywine  synclinorium.  The  London 
Grove  anticline,  which  appears  to  merge  eastward  into  the  northeast- 
trending Avondale  anticline,  lies  along  the  south  side  of  the  synclinorium. 

The  synclines  are  in  areas  of  phyllite  or  schist.  In  the  anticlines,  how- 
ever, a gneissic  core  is  exposed,  and  frequently  this  core  has  been  intruded 
by  gabbro.  The  flanks  of  the  anticlines  may  expose  schist  or  marble. 

Geologic  Formations 

The  formations,  and  their  thickness  and  generalized  character  are  sum- 
marized in  Table  1.  More  details  are  given  in  the  section  on  the  strati- 
graphy and  water-bearing  properties  of  the  rocks. 

GROUND-WATER  PRINCIPLES 
Source 

Ground  water  is  preeipitation  which  has  percolated  downward  through 
the  soil  and  openings  in  the  rocks  to  a zone  within  which  all  intercon- 
nected openings  are  filled  with  water  under  pressure  greater  than  atmos- 
pheric. The  upper  surface  of  this  zone  is  called  the  water  table.  Ground 
water  moves  continuously  from  points  of  high  hydraulic  head  to  points  of 
lower  hydraulic  head  and  eventually  to  points  of  discharge — perhaps  into 
another  formation,  to  a spring,  a stream,  or  to  a well. 

Fluctuations  of  Ground-Water  Levels 

If  water  is  added  to  the  ground-water  reservoir  (aquifer)  at  a faster 
rate  than  it  can  be  discharged,  the  water  level  will  rise  in  the  aquifer. 


Table  1. — Generalized  geologic  section  (modified  after  Bascom  and  Stose) 
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HYDROLOGY  OF  CENTRAL  CHESTER  COUNTY 


The  amount  of  recharge  an  aquifer  receives  depends  upon  the  amount  and 
distribution  of  precipitation.  Most  recharge  occurs  during  the  winter  and 
spring  months. 

Despite  the  fact  that  approximately  13  percent  more  precipitation  falls 
between  April  and  September  than  between  October  and  March,  little  re- 
charge occurs  during  the  summer  and  fall  months,  because  higher  tem- 
peratures plus  the  growth  of  plants  result  in  the  evapotranspiration  or 
consumption  of  nearly  all  precipitation.  By  the  middle  of  May,  generally, 
water  levels  begin  to  decline  and  may  continue  to  do  so  past  the  period 
of  high  temperatures  and  the  growing  season.  Cool  and  unusually  wet 
summers  and  falls  may  allow  recharge  to  occur  a few  weeks  earlier  than 
usual  and  may  hold  water  levels  slightly  above  their  normal  annual  lows, 
but  generally  little  recharge  occurs  during  this  period  and  that  which  does 
occur  produces  only  a small  and  temporary  reversal  of  the  downward 
trend  of  the  water  level. 

The  rate  at  which  the  water  level  falls  and  the  size  of  the  annual  fluc- 
tuation depend  chiefly  on  the  permeability  of  the  rocks,  the  height  of 
the  water  above  points  of  discharge,  and  the  distance  the  water  must 
travel  to  the  discharge  point. 

Plate  3 shows  the  water-level  fluctuations  in  well  956-555-1  in  Chester 
County. 


Occurrence 

In  unconsolidated  rocks  such  as  sands  and  gravels  the  water  occurs 
in  and  moves  through  the  interstices  between  the  grains  (called  primary 
openings).  In  consolildated  clastic  rocks  such  as  sandstones  and  shales, 
and  in  crystalline  rocks  such  as  limestones,  gneisses,  schists,  and  gabbros 
that  underhe  the  area  covered  by  this  report,  the  water  is  confined  mainly 
to  fractures  (secondary  openings). 

Pumping  Effects 

In  a well  supplied  from  primary  openings,  water  generally  enters  the 
borehole  throughout  the  entire  saturated  thickness  of  the  aquifer.  In  a 
well  supplied  by  secondary  openings,  water  generally  enters  the  borehole 
in  discrete  zones  separated  from  each  other  by  nonproductive  zones. 

The  amount  of  water  a well  is  capable  of  yielding  depends  on  the  size, 
number,  and  degree  of  interconnection  of  the  water-filled  openings  inter- 
cepted by  the  well.  It  depends  also  on  how  these  features  change  at  dif- 
ferent distances  from  the  well.  As  the  well  is  pumped,  the  water  level  is  j 
drawn  down  in  the  well  and  in  the  formation  surrounding  the  well.  The  ! 
zone  in  which  the  water  level  is  drawn  down  is  called  the  cone  of  de- 
pression. As  pumping  continues,  the  cone  deepens  and  grows  in  areal 
extent  as  water  from  an  ever  greater  area  is  diverted  from  its  natural  i 
flow  path  to  replace  the  water  pumped  from  the  well.  If  the  aquifer  is 
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homogeneous  and  isotropic,  the  cone  will  be  circular  and  will  expand  at 
a uniform  rate;  if  it  is  not,  and  this  is  common  where  water  occurs  in 
fractures  in  the  rock,  the  cone  will  not  be  circular,  and  it  will  expand  er- 
ratically. The  effect  can  be  noted  at  the  well  (Figure  3)  by  observing  the 
rate  of  drawdown  of  the  water  level  in  the  well.  If  the  producing  fractures 
enlarge  or  intersect  larger  or  more  numerous  water-yielding  fractures  near 
the  well,  the  rate  of  drawdown  of  the  water  level  in  the  well  will  decrease 
markedly  as  the  cone  reaches  outward.  If  the  producing  fractures  decrease 
in  size  or  if  some  of  them  terminate,  the  rate  of  drawndown  will  increase 
markedly  to  reflect  the  reduction  in  permeability. 

The  water  level  in  a well  is  drawn  down  rapidly  when  pumping  begins, 
but  the  rate  of  drawdown  decreases  as  pumping  continues  and  the  cone 
expands.  The  rate  at  which  water  is  supplied  to  the  well  depends  on  the 
permeability  of  the  aquifer  and  the  hydraulic  gradient  in  the  aquifer. 
In  a well  supplied  from  a single  yielding  zone,  the  maximum  effective 
gradient  is  obtained  when  the  water  level  stands  at  the  base  of  the  yield- 
ing zone.  As  pumping  continues,  and  water  is  drawn  from  more  distant 
parts  of  the  aquifer,  the  gradient  (and  hence  the  yield  of  the  zone)  will 
gradually  decline.  The  water  level  in  the  well  will  decline  rapidly  as  it 
falls  below  the  base  of  the  zone  and  water  is  taken  from  storage  in  the 
borehole. 
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Figure  3.  Graph  showing  drawdown  of  the  water  level  in  well  956-536-2  during  pumping. 
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Well  Yields 

The  capacity  of  a well  is  generally  reported  in  either  of  two  ways : ( 1 ) 
as  yield,  in  gallons  per  minute  (gpm)  or  (2)  as  specific  capacity,  in  gal- 
lons per  minute  per  foot  of  drawdown  (gpm  per  ft.)-  The  former  is  com- 
monly obtained  at  the  time  the  well  is  drilled  by  measuring  the  rate  at 
which  water  must  be  removed  from  the  well  by  bailing  (if  a churn  drill 
is  used)  or  blowing  (if  a pneumatic  rotary  drill  is  used)  to  maintain  the 
water  level  near  the  bottom  of  the  well.  The  method  is  properly  applied 
only  to  wells  whose  yields  are  small  enough  to  allow  the  water  in  the 
borehole  to  be  removed  in  this  way. 

Where  larger  capacities  are  to  be  estimated  a pump  is  generally  used.  In 
this  method,  the  water  level  is  pumped  down  nearly  to  the  bottom  of  the 
well  and  the  pump  is  then  throttled  back  to  the  point  at  which  the  water 
level  in  the  well  stabilizes.  This  discharge  is  taken  as  the  yield  of  the  well. 

The  critical  part  of  the  yield  test  is  the  thoroughness  with  which  the 
water  is  removed  from  the  borehole.  If  the  drawdown  is  less  than  the  maxi- 
mum, then  the  reported  yield  will  be  some  fraction  of  the  well’s  potential 
yield. 

The  specific  capacity  test  requires  only  that  the  well  be  pumped  at  a 
constant  rate  and  that  accurate  measurements  be  made  of  the  draw- 
down and  discharge.  The  specific  capacity  thus  obtained  may  be  used  to 
predict  the  behavior  of  the  well  at  higher  pumping  rates  as  long  as  the 
water  level  in  the  well  is  not  drawn  down  below  the  place  at  which  the 
water  enters  the  well,  as  discussed  under  pumping  effects. 

The  results  of  neither  the  yield  test  nor  the  specific  capacity  test  in 
fractured  rock  can  be  extrapolated  safely  to  a time  greater  than  the  length 
of  the  test  because  of  the  possibility  that  the  expanding  cone  of  depres- 
sion will  encounter  erratic  changes  in  permeability.  However  there  will 
be  a tendency  for  the  yield  of  the  well  to  decrease  slowly  during  contin-  I i 
uous  pumping  owing  to  increasing  frictional  losses  in  head  as  water  is  | 
drawn  from  greater  distances  to  the  well. 

In  addition  to  the  factors  discussed  above,  the  specific  capacity  may 
decrease  as  the  discharge  increases  owing  to  several  factors  that  may  be 
grouped  conveniently  as  well  losses.  Because  these  factors  may  be  mini- 
mized by  proper  well  design  and  construction  they  are  here  described  in- 
dividually. 

A major  part  of  the  well  loss  is  due  to  friction  as  the  water  passes 
through  the  well  face  into  the  borehole.  This  friction  is  caused  by  im- 
perfect development  of  the  well  or  by  clogging  of  the  well  by  clays,  iron 
compounds,  and  other  encrustations  that  reduce  the  size  of  the  openings 
through  which  the  water  must  pass.  By  surging  the  well  with  solutions 
designed  to  remove  the  encrusting  materials,  the  materials  may  be  re- 
moved and  the  well  yield  improved. 

At  any  given  discharge,  the  velocity  at  which  the  water  enters  the  well 
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is  inversely  proportional  to  the  diameter  of  the  well.  High  entrance  veloci- 
ties may  cause  considerable  loss  in  head  because  of  internal  friction 
due  to  turbulence.  Thus,  by  increasing  the  diameter  of  the  well,  the  en- 
trance velocity  may  be  reduced  and  part  of  the  well  losses  minimized. 

Turbulence  may  be  produced  in  the  well  itself  if  the  annular  space  be- 
tween the  pump  and  the  walls  of  the  well  is  too  small  for  the  velocity 
at  which  the  water  is  moving.  This,  too,  may  be  minimized  by  enlarging 
the  well. 

In  this  study,  specific-capacity  tests  were  standardized  at  1 hour’s  dura- 
tion, although  for  many  uses  a longer  test  would  have  been  advantageous. 
However,  by  standardizing  the  length  of  the  tests  it  was  possible  to  com- 
pare results  of  tests  in  different  aquifers  and  in  different  environments. 
Such  comparisons  permit  selection  of  the  most  favorable  sites  for  drilling 
when  a ground-water  supply  is  required. 

Although  inherently  less  accurate  and  less  flexible  than  specific  capaci- 
ties, well  yields  are  also  used  in  this  report  because  they  do  offer  some 
estimate  of  a well’s  capacity,  are  abundant,  and  furnish  information  that 
would  not  be  available  otherwise  on  some  aquifers  and  in  some  areas. 
The  relationship  of  yield  to  specific  capacity  in  the  area  of  the  investiga- 
tion is  shown  in  Figure  4. 


Figure  4.  Graph  showing  the  relation  of  reported  well  yields  in  gpm  to  1-hour  specific- 
capacity  tests.  Number  next  to  point  indicates  the  number  of  sets  of  data  having  this  value. 
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Evaluation  of  Well  Data  | 

In  most  instances  well  yields  are  not  necessarily  representative  of  the 
yields  that  could  be  obtained  because  the  bulk  of  the  wells  have  been  < 
drilled  to  supply  domestic  needs  (5-10  gpm).  Because  of  their  intended  i 
use,  they  were  probably  located  for  convenience  rather  than  at  the  most  i 
favorable  site,  and  were  drilled  only  to  a depth  sufficient  to  supply  do-  i 
mestic  needs.  A large-yielding  domestic  well,  then,  is  one  that  intercepted 
a large  supply  at  shallow  depths.  What  the  yield  would  have  been  had  the 
well  been  drilled  deeper  is  not  known.  A deep  domestic  well,  further- 
more, is  generally  one  that  could  not  obtain  a domestic  supply  at  shallow 
depth,  and  is  probably  in  an  unfavorable  place  for  a well. 

Thirty-six  wells,  or  approximately  10  percent  of  the  wells  for  which 
yields  were  reported  or  measured,  yield  over  50  gpm.  These  include  wells 
drilled  for  municipal  supply,  for  community  supply  in  housing  develop- 
ments, at  industrial  plants,  at  mushroom  farms,  and  at  a few  private 
homes.  The  median  yield  of  the  36  wells  was  100  gpm,  and  the  median 
yield  of  all  reported  yields  was  15  gpm.  Five  percent  of  the  high-yielding 
wells  yielded  over  330  gpm,  whereas  only  5 percent  of  wells  inventoried 
yielded  more  than  88  gpm. 

It  is  instructive  to  compare  the  parameters  of  the  36  high-yielding  wells 
with  those  of  all  the  wells  inventoried.  The  median  depth  of  the  better 
wells  is  160  feet — or  about  60  feet  more  than  that  of  the  group  as  a 
whole.  About  10  percent  of  the  high-yielding  wells  exceeded  300  feet  in 
depth,  whereas  only  about  3 percent  of  all  the  wells  were  deeper  than 
300  feet. 

Unfortunately,  information  on  the  number  and  depth  of  water-bearing 
zones  was  not  available  on  many  of  the  wells,  especially  the  high-yielding 
ones.  However,  based  on  the  data  available,  about  10  percent  (4  out  of 
41)  of  the  water-bearing  zones  of  the  high-yielding  wells  were  below  170 
feet,  whereas  only  about  4.5  percent  of  the  zones  of  the  entire  group  were 
deeper  than  170  feet. 

The  most  striking  difference  between  the  high-yielding  wells  and  the  rest 
of  the  wells  was  in  their  topographic  positions.  Two-thirds  of  the  high- 
yielding  wells  were  in  draws  or  valleys,  whereas  only  one-third  of  all  the  i 
wells  inventoried  were  in  draws  or  valleys. 

Despite  the  fact  that  most  of  the  wells  were  neither  deep  enough  to  ' 
realize  maximum  yields  nor  favorably  situated  for  such  yields,  an  inven- 
tory of  the  wells  was  necessary  because  there  were  not  enough  municipal 
or  industrial  wells  to  provide  an  understanding  of  the  factors  controlling 
the  occurrence  of  ground  water  in  the  area.  If  it  is  assumed  that  the  basis 
for  the  location  of  domestic  wells  is  the  same  throughout  the  area,  it  is 
possible  to  use  the  data  from  these  wells  to  evaluate  the  influence  of  such 
factors  as  geologic  formation,  topographic  position,  and  degree  of  meta- 
morphism of  the  rocks. 
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Aquifer  Hydrology 

t Table  2 summarizes  the  important  parameters  of  the  wells,  except  those 
1 concerned  with  yielding  zones.  The  Baltimore  Gneiss,  the  gabbro,  the  Wis- 
1 sahickon  Formation,  and  the  Peters  Creek  Schist  (the  most  extensive  rocks 
1 in  the  area)  are  both  the  most  important  and  the  best  understood  of  the 
• aquifers.  A few  of  the  rock  units  were  so  small  in  areal  extent  that  hydro- 
1 logic  data  on  them  were  not  available;  they  include  the  Franklin  Lime- 
: stone,  the  Antietam  Quartzite,  and  the  pegmatite. 

The  range  of  the  data  is  given  in  the  table  rather  than  percentiles,  be- 
' cause  data  are  abundant  enough  to  merit  the  use  of  percentiles  in  only 
a few  aquifers.  Percentiles  are  presented,  however,  in  the  discussion  of 
I those  few  aquifers. 

I Table  3 summarizes  data  available  on  water-bearing  zones.  The  table 
is  in  two  parts.  Table  3-A  contains  a variety  of  information. 

First,  as  the  denominator  of  the  fraction  indicates  the  number  of  wells 
I penetrating  any  particular  depth  range,  the  denominator  of  the  shallowest 
j range  obviously  indicates  the  total  number  of  wells  in  that  formation  for 
' which  data  on  depth  to  water-bearing  zones  were  obtained.  Thus,  data  were 
; obtained  from  40  wells  in  the  muscovite  phase  of  the  Wissahickon  For- 
I mation. 

i Second,  the  table  indicates  the  maximum  depth  range  of  the  wells  for 
which  yielding-zone  data  were  obtained.  In  the  “normal”  phase  of  the  Bal- 
timore Gneiss,  for  example,  4 wells  exceeded  200  feet  in  depth  and  2 were 
between  301  and  350  feet  deep.  No  yielding  zones  were  encountered  in 
any  of  the  4 wells  201  to  300  feet  deep,  but  2 zones  were  encountered  be- 
tween depths  of  301  and  350  feet. 

Third,  the  relative  abundance  of  zones  at  different  depths  is  shown  by 
the  value  of  the  fraction.  In  the  gabbro,  for  instance,  the  relative  abund- 
ance of  zones  is  seen  to  decrease  as  the  depth  increases.  The  comparison 
of  abundances,  however,  does  become  less  sensitive  as  the  depth  increases 
because  of  the  decreasing  size  of  the  sample.  Thus,  the  data  give  some 
suggestion  of  the  practical  depth  to  which  a well  should  be  drilled  in  a 
formation  in  order  to  obtain  maximum  production.  In  the  chlorite  phase 
of  the  Wissahickon,  only  one  zone  was  found  below  150  feet  in  the  7 wells 
that  exceeded  this  depth. 

Available  data  do  not  always  fully  explore  the  depth  of  the  yielding 
zones  in  some  formations  (such  as  the  Setters);  so,  drilling  to  depths 
greater  than  those  of  existing  wells  may  be  recommended. 

Table  3-B  may  be  used  to  estimate  the  number  of  yielding  zones  a well 
in  a particular  formation  may  be  expected  to  intercept  and  to  indicate 
qualitatively  the  performance  of  the  well  under  pumping  conditions.  As 
discussed  in  an  earlier  section,  the  specific  capacity  of  a well  will  de- 
crease as  the  water  level  is  drawn  down  below  a yielding  zone;  so,  a well 
that  yields  principally  from  a single  zone,  such  as  most  of  the  wells  in  the 
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Table  3. — Summary  of  data  on  water-bearing  zones — Continued 
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Ledger  Dolomite,  will  suffer  a more  severe  curtailment  of  yield  than  will 
a well  in  a formation  such  as  Wissahickon,  which  commonly  yields  from 
several  zones. 

Ideally,  Table  3 should  show  also  the  capacities  of  the  zones  to  yield 
water  and  how  the  capacities  differ  at  different  depths.  Such  data  were 
too  scarce  to  put  into  a table,  but  they  are  discussed  in  connection  with 
the  appropriate  formation. 

EFFECT  OF  WEATHERING  ON  HYDROLOGY 

In  most  places,  a soft  and  poorly  consolidated  zone  of  weathered  rock 
lies  immediately  below  land  surface.  This  zone  is  generally  incapable  of 
supporting  itself  and  will  collapse  into  the  borehole  unless  kept  from  doing 
so  by  the  use  of  casing.  Casing  is  generally  set  just  a few  feet  below  the 
base  of  the  zone — into  more  solid  rock.  Only  rarely,  as  when  caving  zones 
are  encountered  at  considerable  depths  in  a well  or  when  undesirable 
water  must  be  sealed  off,  are  greater  amounts  of  casing  used.  Thus,  the 
depth  of  weathering  of  the  rocks  in  an  area  can  generally  be  determined 
by  the  amount  of  casing  used  in  the  wells. 

The  thickness  of  the  weathered  mantle  is  considered  important,  because 
the  mantle  contains  the  major  part  of  the  water  stored  in  the  rocks  of  the 
I area.  The  fractures  that  serve  as  conduits  have  a low  capacity  for  storage. 

The  range  and  median  depth  of  casing  in  wells  are  listed  in  Table  2. 
In  most  formations,  the  median  depth  is  between  20  and  40  feet.  Some- 
what more  casing  is  needed  in  wells  in  carbonate  rocks  than  in  other  rocks 
of  the  area,  because  clay  resulting  from  the  weathering  of  the  rocks  may 
fill  the  fractures  and  solution  cavities  in  many  places.  These  cavities  must 
i be  cased  off.  In  such  places,  the  casing  is  extended  downward  from  the 
surface  through  both  the  overlying  residuum  and  any  fresh  rock  overlying 
the  clay-filled  solution  opening. 

EFFECT  OF  TOPOGRAPHY  ON  HYDROLOGY 

The  importance  of  topography  to  the  hydrology  of  an  area  has  long 
been  known.  (See  LeGrand,  1949;  Mundorff,  1948;  and  Dingman  and 
Meyer,  1954.)  To  evaluate  its  effect  in  the  area  covered  by  this  report  a 
simple  four-fold  classification  was  used  to  divide  the  topography  into  (1) 
j uplands,  (2)  slopes,  (3)  draws  or  small  stream  valleys  and  linear  de- 
pressions on  the  slopes,  and  (4)  the  valleys  of  the  major  through-ffowing 
streams.  The  last  category  is  less  useful  than  the  others  because  it  is  dom- 
inated by  the  Chester  Valley,  which  is  underlain  chiefly  by  carbonate  rocks 
(so  that  it  is  difficult  to  distinguish  the  effect  of  topographic  position  from 
: that  due  to  rock  type),  and  because  there  are  fewer  data  in  the  valley 
category  than  in  the  others. 


Yield,  in  gallons  per  minute 
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The  most  important  effect  of  topography  is  that  well  capacity  increases^ 
as  the  relative  elevation  decreases.  Figures  5 and  6 show  the  cumulative 
percentage  distribution  of  reported  yields  and  specific  capacities  in  each 
of  the  topographic  classes. 

If  the  effect  of  topography  on  the  individual  formations  is  considered  sep- 
arately, the  relationships  are  less  definitive,  as  the  most  favorable  topo- 


2 5 10  30  50  70  90  95  98 

Percent  of  yields  equal  to  or  less  than  value  shown 

Figure  5.  Graph  showing  the  percent  frequency  distribution  of  reported  well  yields,  grouped 
according  to  topographic  position. 


Specific  Capacity,  in  gallons  per  minute  per  foot  of  drawdown 
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Figure  6.  Graph  showing  the  percent  frequency  distribution  of  specific  capacities,  grouped 
according  to  topographic  position. 


graphic  position  is  not  the  same  in  all  formations.  Figure  7,  for  example, 
shows  that  in  the  gabbro-intruded  phase  of  the  Baltimore  Gneiss  well 
yields  are  highest  in  draws,  intermediate  on  slopes,  and  poorest  on  up- 
lands; but  in  the  “normal”  phase  of  the  Baltimore,  wells  in  uplands  are 
superior  to  those  on  slopes. 


24 


HYDROLOGY  OF  CENTRAL  CHESTER  COUNTY 


The  distribution  of  well  depths  by  topography  is  shown  in  Figure  8. 
The  range  in  median  well  depths  among  the  four  topographic  positions  for  i 
the  combined  formations  is  30  feet.  In  most  formations  where  the  data;, 
are  abundant  enough  to  permit  comparisons,  the  range  in  well  depths  is 
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igure  8.  Graph  showing  the  percent  frequency  distribution  of  well  depths,  grouped  accord- 
ing to  topographic  position. 


I ibout  the  same  as  for  the  combined  formations,  although  the  smallest 
1 ange  is  17  feet  (in  the  gabbro-intruded  phase  of  the  Baltimore)  and  the 
iiargest  is  45  feet  (in  the  Peters  Creek  Schist). 
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Wells  in  the  uplands  are  usually  the  deepest,  but  the  shallowest  well' 
are  evenly  divided  between  slopes  and  draws. 

The  distribution  of  casing  depths  (and,  hence,  the  depth  of  weathei 
ing)  in  the  different  topographic  positions  is  shown  in  Figure  9.  Mos 
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Figure  9.  Graph  showing  the  percent  frequency  distribution  of  casing  depths,  grouped  ac- 
cording to  topographic  position. 
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i the  wells  in  uplands,  slopes  or  draws  require  about  the  same  amount 
f casing.  Those  in  valleys  require  about  8 feet  more,  on  the  average. 
,1  about  7 percent  of  the  wells  on  slopes  the  amount  of  casing  is  greater 
lan  that  in  the  wells  in  the  other  positions.  Six  of  the  slope  wells  had  150 


Percent  of  depths  equal  to  or  less  than  value  shown 

igure  10.  Graph  showing  the  percent  frequency  distribution  of  depths  of  water-bearing 
zones,  grouped  according  to  topographic  position. 
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feet  or  more  casing.  Four  of  the  6 wells  were  in  the  chlorite  phase  of  th 
Wissahickon  Formation. 

The  percentage  distribution  of  depths  of  water-bearing  zones  below  lamj 
surface  is  controlled  to  a large  extent  by  the  local  topography.  As  showi 
in  Figure  10,  the  median  depth  of  zones  in  upland  wells  is  about  75  feet 
on  slopes  it  is  about  64  feet,  and  in  draws  it  is  about  50  feet.  The  dis 
tribution  of  the  depths  of  water-bearing  zones  in  valleys,  based  on  onl; 
16  measurements,  is  the  same  as  in  draws. 

The  range  in  median  depth  of  the  water-bearing  zones  beneath  uplands 
slopes,  and  draws  differs  markedly  from  formation  to  formation,  as  showi 
in  the  table  below.  In  the  two  phases  of  the  Baltimore  Gneiss,  the  range: 
are  22  and  19  feet;  in  the  gabbro  the  range  is  26  feet;  in  the  muscoviti 
and  chlorite  phases  of  the  Wissahickon  the  ranges  are  36  and  49  feet;  anc 
in  the  Peters  Creek  Schist  it  is  100  feet. 

Except  in  the  Wissahickon  the  median  depths  of  the  water-bearing  zone: 
are  greatest  in  the  uplands,  intermediate  beneath  slopes,  and  least  in  tht 
draws.  In  the  muscovite  phase  of  the  Wissahickon  the  median  depth  is 
less  beneath  slopes  than  in  draws;  and  in  the  chlorite  phase  it  is  greatei 
beneath  slopes  than  in  uplands. 

In  summary,  wells  drilled  in  the  lower  topographic  positions  generallj 
yield  more  water  and  obtain  the  water  from  shallower  zones  than  do  those 
on  higher  positions.  Wells  are  shallowest  in  the  lower  positions,  and  it  maj 
be  assumed  that  if  all  the  wells  were  equally  deep,  the  difference  in  yield 
between  wells  on  uplands,  slopes,  and  draws  would  be  even  greater.  Depth 
of  weathering,  as  indicated  by  the  amount  of  casing,  is  essentially  the  same 
regardless  of  topography  in  the  majority  of  wells. 

Because  data  are  sparse,  valleys  have  not  been  discussed  separately. 
However,  they  would  probably  fit  the  trend  indicated  above  and  would 
be  slightly  superior  to  draws  as  well  sites. 

RELATION  OF  METAMORPHISM  TO  HYDROLOGY 

Metamorphism  affects  all  the  rocks  of  the  area  and  intensifies  toward  the 
southeast.  McKinstry  (1961)  delineates  three  zones  of  intensity,  repre- 
sented by  a phyllite,  a schist,  and  a gneiss  zone  (Figure  2).  These  zones 
coincide  with  the  areas  of  the  chlorite  phase  of  the  Wissahickon  Formation, 
the  Peters  Creek  Schist  which  is  stratigraphically  younger  than  the  Wissa- 
hickon, and  the  muscovite  phase  of  the  Wissahickon  Formation;  so,  it  is 
not  possible  to  determine  definitely  whether  differences  in  the  hydrologic 
properties  of  the  three  areas  are  due  to  the  degree  of  metamorphism  or  to 
the  primary  lithologic  character  of  the  formations.  However,  if  it  is  assumed 
that  these  units  had  the  same  primary  lithologic  character,  any  differ- 
ences in  their  hydrologic  properties  is  attributable  to  metamorphism.  Such 
an  assumption  does  appear  valid  as  the  two  phases  of  the  Wissahickon 
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were  deposited  contemporaneously  and  the  Peters  Creek  Schist  was  lai 
down  subsequently  and  there  is  no  obvious  trend  in  their  primary  litholc 
gic  properties  from  formation  to  formation. 

Significant  relationships  seem  to  exist  between  metamorphic  rank  am 
specific  capacity  and  depth  of  weathering.  The  median  specific  capacitie  -7 
of  the  chlorite  phase  of  the  Wissahickon  (the  phyllite  zone),  the  Peter 
Creek  Schist  (the  schist  zone),  and  the  muscovite  phase  of  the  Wissa 
hickon  (the  gneiss  zone)  are  2.4,  1.0,  and  0.4  gpm  per  ft,  respectively 
Their  depth  of  weathering  as  indicated  by  the  amount  of  casing  is  15 
29,  and  40  feet,  respectively.  Thus,  an  increase  in  metamorphic  rani 
results  in  a decrease  in  the  specific  capacity  of  the  rock  and  an  increasi 
in  its  weatherability.  The  decrease  in  specific  capacity  is  probably  dm 
to  the  decrease  in  the  fissility  of  the  rock  as  metamorphism  increases  an( 
the  minerals  change  from  platy  ones  to  granular  minerals.  The  increase  ii 
depth  of  weathering  reflects  the  well-known  fact  that  minerals  formed  a 
high  temperatures  are  less  stable  under  near  surface  conditions  than  thos( 
formed  at  lower  temperatures  or  under  conditions  more  nearly  approxi- 
mating their  present  environment. 


AREAL  VARIABILITY  OF  HYDROLOGY 

The  water-bearing  properties  of  the  rocks  differ  from  place  to  place 
within  the  same  rock  type,  topographic  position,  or  metamorphic  zone. 
This  variability  is  due  to  the  inherent  randomness  with  which  the  frac- 
tures bearing  the  water  are  distributed  in  the  rocks,  and  has  tended  to 
obscure  the  effects  of  other  factors. 

An  excellent  example  of  this  variability  are  the  wells  in  the  Ashbridge 
development,  in  the  northeast  corner  of  the  area  of  this  investigation.  The 
wells  in  the  following  table  are  all  in  the  gabbro-intruded  phase  of  the 
Baltimore  Gneiss,  and  they  range  in  topographic  position  from  upland  to 
draw.  Based  on  their  topographic  position  the  poor  yields  of  wells  6 and  7 
and  the  good  yields  of  wells  12  and  13  are  to  be  expected,  but  the  small 
yields  of  wells  10  and  14  and  the  large  yield  of  well  18  are  not  expected. 

The  capacity  and  depth  of  the  water-bearing  zones  and  the  range  of 
well  and  casing  depths  also  serve  to  illustrate  the  variable  character  of 
the  rocks. 

On  a larger  scale  there  is  an  irregularity  in  the  hydrology  of  the  rocks 
that  cannot  be  assigned  to  known  causes.  One  such  area  is  that  lying 
south  of  Chester  Valley  in  the  Parkesburg  and  Coatesville  quadrangles. 
Although  ridge  tops  in  general  are  the  least  desirable  locations  for  wells, 
ridges  in  this  area  have  been  exceptionally  poor — even  though  excellent 
yields  have  been  obtained  from  some  wells  a short  distance  off  the  ridges 
(usually  in  or  near  draws).  Figure  11  shows  the  approximate  location 
and  alignment  of  these  very  poor  wells. 
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Figure  11.  Map  of  the  Parkesburg  and  Coatesville  quadrangles  showing  band  of  poor-yield.Ll 
ing  wells  (0-3  gpm  ). 


WATER  QUALITY 


Sources  of  Constituents  | 

Precipitation  contains  small  amounts  of  dissolved  gases  such  as  carboi 
dioxide,  oxygen,  and  oxides  of  nitrogen.  As  it  infiltrates  through  the  soi 
zone,  additional  carbon  dioxide  is  dissolved.  The  resultant  solution  slowh 
corrodes  the  soil  and  rock  walls  of  the  passages  through  which  it  moves 
The  most  readily  soluble  materials  are  the  carbonates  of  calcium  anc 
magnesium,  but  other  ions  are  also  taken  into  the  ground  water.  The  mos 
abundant  of  these  other  constituents,  and  the  ones  commonly  determiner 
in  most  analyses,  are:  silica,  iron,  manganese,  sodium,  potassium,  sulfate 
chloride,  nitrate,  and  fluoride. 


s 


Laboratory  Analyses 

Samples  of  water  from  3 1 wells  in  the  project  area  were  analyzed  in  the 
laboratory  of  the  U.  S.  Geological  Survey.  The  results  of  the  analyses  are 
given  in  Table  6. 

The  water  was  generally  low  in  dissolved  mineral  matter,  as  the  dis- 
solved-solids  content  ranged  from  59  to  357  ppm,  and  the  median  was  146 
ppm.  The  calcium  content  ranged  from  4 to  85  ppm  (although  only  3 
samples  exceeded  36  ppm),  and  the  median  was  19  ppm.  The  magnesium 
content  ranged  from  2.4  to  23  ppm,  and  the  median  was  8.3  ppm.  The 
sodium  content  ranged  from  1.5  to  36  ppm  (only  1 sample  exceeded  22. 
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)pm),  and  the  median  was  6.7  ppm.  Potassium  was  much  less  abundant 
■md  was  fairly  uniformly  distributed  between  its  extreme  values  of  0.2  and 
7.0  ppm.  The  median  potassium  content  was  1.6  ppm. 

The  iron  content  ranged  from  0.03  to  7.5  ppm  and  the  median  was  0.16 
)pm.  Nine  of  the  samples  contained  more  than  the  maximum  of  0.3  ppm 
•ecommended  by  the  U.  S.  Public  Health  Service  (1962,  p.  7)  for  drink- 
ng  water.  Manganese  was  present  in  only  10  of  the  31  samples.  Five  of 
he  samples  contained  more  than  the  maximum  of  0.05  ppm  recommended 
)y  the  Public  Health  Service  (1962,  p.  7) . 

The  bicarbonate  content  ranged  widely  (from  4 to  274  ppm),  and  the 
nedian  was  63  ppm.  The  sulfate  content  ranged  from  0.6  to  58,  and  the 
nedian  was  19  ppm.  The  chloride  content  was  low  in  most  samples;  al- 
hough  the  range  was  from  1.4  to  32  ppm,  only  3 samples  contained  more 
han  20  ppm.  The  median  was  9.2  ppm. 

The  nitrate  content  ranged  from  0.0  to  76  ppm  and  the  median  was 
12  ppm.  Six  samples  contained  more  than  45  ppm  nitrate  which  is  the 
•ecommended  maximum  for  drinking  water  set  by  the  U.  S.  Public  Health 
Service  (1962,  p.  7). 

Contaminants 

In  addition  to  the  constituents  derived  from  the  geologic  environment, 
ground  water  may  contain  various  substances  contributed  by  the  activi- 
ies  of  man.  These  substances  may  be  municipal  or  industrial  wastes,  fer- 
ilizers,  cesspool  or  barnyard  wastes,  or  salts  that  have  been  added  to  high- 
vays  in  winter. 

The  contamination  of  domestic  wells  is  most  readily  detected  by  un- 
isually  high  concentrations  of  such  ions  as  nitrate,  chloride,  sulfate,  and 
;odium,  as  illustrated  in  Figures  12  to  16. 

The  chloride  and  nitrate  ions  in  Figure  12,  and  the  sodium  and  chloride 
ons  in  Figure  16  show  definite  correlations.  However,  a poor  correlation 
ixists  between  the  sodium  and  nitrate  ions  in  Figure  14  and  between  the 
iodium  and  sulfate  ions  in  Figure  15,  showing  that  most  of  the  nitrate 
and  sulfate  were  not  introduced  into  the  water  as  sodium  salts.  The  plot 
Df  sulfate  against  nitrate  in  Figure  13  probably  represents  two  popula- 
;ions.  In  one  population  (that  containing  less  than  about  25  ppm  sulfate) 
:he  ions  are  independent  of  one  another,  but  in  the  other  population  (that 
containing  more  than  about  25  ppm  sulfate)  a good  correlation  is  evident. 

The  scatter  of  points  in  the  graphs  indicates  that  there  are  slight  dif- 
'erences  in  the  composition  of  the  contaminants  from  well  to  well.  For  ex- 
ample, several  of  the  samples  have  about  twice  as  much  sodium  by  weight 
as  chloride;  this  relationship,  as  pointed  out  by  Feth  (1966,  p.  48),  is 
characteristic  of  sewage.  However,  one  sample  has  much  less  sodium 
;han  chloride  and  may  reflect  the  addition  of  calcium  chloride  to  the  high- 
way. 


Sulfate,  in  ports  per  million  ^ ^ Chloride,  in  ports  per  million 
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igure  12.  Graph  showing  the  relation  of  chloride  to  nitrate.  Number  next  to  point  in- 
dicates the  number  of  sets  of  data  having  this  value. 


Figure  13.  Graph  showing  the  relation  of  sulfate  to  nitrate. 


parrs  per  minion 
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Figure  14.  Graph  showing  the  relation  of  sodium  to  nitrate. 


Figure  15.  Graph  showing  the  relation  of  sodium  to  sulfate.  Number  next  to  point  indicates 
the  number  of  sets  of  data  having  this  value. 
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Figure  16.  Graph  showing  the  relation  of  sodium  to  chloride.  Number  next  to  point  indicate: 
the  number  of  sets  of  data  having  this  value. 


The  analyses  are  of  water  from  different  formations  and  from  differeni 
parts  of  the  area.  The  only  common  factor  is  that  the  water  comes  frorr 
a well  near  a home  or  barn.  This  does  not  mean  that  all  wells  are  con- 
taminated, as  the  many  points  that  cluster  about  the  origins  of  the  graphs 
probably  express  the  background  count — that  is,  the  amount  of  these  ions 
derived  from  natural  sources.  Most  cesspool  or  barnyard  contamination 
is  probably  of  local  extent. 

No  attempt  was  made  to  collect  contaminated  samples.  The  samples 
were  taken  to  obtain  representative  water  from  the  different  formations  and 
from  all  parts  of  the  area.  It  is,  therefore,  surprising  and  somewhat  alarm- 
ing to  encounter  so  many  samples  showing  evidence  of  contamination. 

Inorganic  constituents  in  water  will  travel  much  farther  than  the  bac- 
terial and  organic  materials.  Movement  is  by  flow  down  the  hydraulic 
gradient — rather  than  radially,  by  diffusion — but  it  is  controlled  also  by 
the  directions  along  which  the  joints  are  oriented.  Because  near-surface 
joints  are  apt  to  be  large  and  numerous,  movement  may  be  rapid  and 
filtering  action  minimal.  The  distance  of  the  source  of  contamination  from 
the  well  is  less  important  than  its  direction,  for  if  the  direction  is  not  par- 
allel to  the  strike  of  joints  in  the  area  (or  nearly  so),  there  may  be  no 
hydraulic  connection  between  the  source  and  the  well. 

Evidence  of  the  rapid  movement  of  the  water  through  the  ground  was 
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loted  in  some  of  the  pumping  tests,  as  shown  by  Figure  17.  The  water 
' vas  discharged  from  the  well  through  a 1-inch  hose  to  a point  nearly  100 
' eet  away.  However,  in  about  8 minutes  it  had  returned  to  the  water  table 
_ md  had  begun  to  affect  the  test. 

In  most  instances  the  concentrations  of  the  nitrate,  chloride,  sulfate,  and 
odium  do  not  exceed  the  safe  drinking-water  standards  of  the  U.  S.  Pub- 
' ic  Health  Service  (1962);  nevertheless,  above-average  amounts  of  these 
- ons  should  be  taken  as  a warning  that  a potentially  dangerous  situation 
loes  exist.  For  instance,  fertilizers  and  wastes  that  tend  to  accumulate 
I ibove  the  water  table  during  periods  of  dry  weather  could  be  flushed  into 
he  ground  water  by  a soaking  rain,  thereby  raising  concentrations  to  a 
■;  evel  where  the  water  would  be  unsuitable  for  drinking. 

Field  Analyses 

’ Approximately  400  determinations  of  pH,  hardness,  and  specific  con- 
: luctance  of  water  were  made  in  the  field.  They  are  summarized,  by  geolo- 
jic  formation,  in  Table  4. 

In  general,  the  field  analyses  serve  to  broaden  our  knowledge  of  the 
1 vater  of  the  formations.  They  are  especially  important  in  relation  to  some 
the  minor  aquifers,  where  only  one  or  two  laboratory  analyses  are 
) ivailable  or  where  the  laboratory  analyses  are  of  water  from  contaminated 
I veils. 


Figure  17.  Graph  showing  the  recycling  of  water  during  a pumping  test  in  well  956-546-1. 


38 


HYDROLOGY  OF  CENTRAL  CHESTER  COUNTY 


8 0 

.2 

0 

0 

VO 

0 

VO 

0 

0 

0 

VO 

VO 

0 0 

VO 

VO 

(S 

VO 

<N 

CO 

<N 

cs 

htH  ® 

s ^ 

d) 

T-H 

cn 

CS 

<S 

T— 1 

rH 

1-H 

3 ^ 
*0  a 

S c/3 

0 0 

^ 43 

0 

^ E 
3 0 

0) 

0 

VO 

0 

0 

0 

0 

VO 

VO 

0 

VO 

0 

^-H 

0 

0 

VO 

u «-< 

c 

•o 

VO 

CO 

^-H 

oj  0 

E 

c3 

C4 

0 

0 

0 

0 

0 

0 

*0 

VO 

0 

*0 

VO 

VO 

ON 

»-H 

VO 

CS 

cs 

cs 

<S 

^4 

C/3 

0 a> 

1 ° E 

►5  ca 


ts 

f' 


00 


VO 


00  00 
lo  >0  T-H 


a 

<3< 

a 


a 

S 


c 

•S  .2 

'2  a ^ 
ob  a 

0 a ^ 

C3 


a ‘y  ^ 


:3 

:z: 


6 

a 


a 

.2 

<L> 


ffi 


O 

tuQ 

n 

C3 


VO  VO 


cn 

VO 


00 

Tt 


'O 

VO 


VO 


VO 

VO 


00 

vd 


fn 


cn  CO  cn 


CO 

CO 

0 

d> 

fH 

U COD 

On 

Cv 

«o 

0 

cs 

T— 4 

VO 

00 

»o 

CO 

t-H 

xi 

^ 0 

Oh 

, 

1 

1 

t-H 

1 

T*H 

1 

1 

cs 

1 

1 

1 

, 

cs 

ffi 

CS 

CS 

VO 

cs 

*0 

tH 

rH 

*0 


VO* 


VO 

t*-* 


vd 


VO 


VO 


00 

»d 


VO 

*d 


rt* 

CO 

r-4 

00 

Tf 

CO 

cs 

cs 

i> 

vd 

vd 

0 

00 

0 

^H 

00 

cr\ 

^H 

vd 

vd 

vd 

vd 

vd 

vd 

»d 

»d 

u 

<L) 

E 

3 

Z 


c/3 

0) 

iw  Oh 

° E 

CO 


VO 

•o 


a\ 


00 

VO 


CS  VO 


n 

.2 

H-* 

C3 

E 

i-t 

o 


(D 

o 

O 


o 

E 

13 


cd 

Oh 


C3 

E 

Ui 

O 

z 


Oh 

T3 

I) 

2 


cj 

43 

Oh 


o .t: 


43 

a 


Oh 

c3 

u 

a 


^ u 

.2  « 

E (D 

tS 

c/3 

£2 

4:5  o 

(U  P 

CO  O 


a 

.2 

13 

E 

u 

O 

Ph 

c 

o 

4^ 

o 

2 

cd 


C5 

43 

Oh 


O 

3 

U 


c3 

43 

Oh 


> 

O 

o 


00  ^ 

3 


4^ 

0) 

O 

Wh 

u 


<D  .X 


cS 

a 

O 


0^ 

Ph 


43 

u 


Lh 

o 

a 

a> 


cd 

u 

«u 

E 

o 

O 

E 

c« 

3 

K 


GEOHYDROLOGY 


39 


<u 

u 

$2 

lo 

o 

O 

00 

o 

o 

o 

o 

o 

VO 

c,^ 

'5 

cs 

(N 

(N 

00 

»o 

o 

CO 

wo 

l-H 

>1-^ 

o 

o 

CN 

(D 

CN 

m 

VO 

lO 

cs 

D 

•«-» 

TJ 

a 

O 

00 

o 

o 

o 

4= 

o 

o 

s 

4) 

o 

O 

o 

o 

o 

o 

S 

Q 

CJD 

o 

VO 

o 

o 

’o 

Vh 

c 

m 

ro 

VD 

wo 

u 

a 

»A 

O 

o 

o 

o 

»o 

CL( 

CO 

o 

T— 4 

VO 

o 

CO 

CO 

T— < 

T-< 

u 

c/5 

s 

o 

Xi 

G 

«4-l 

o 

(U 

'S. 

E 

1—1 

cs 

a\ 

30 

WO 

- 

s: 

**^ 

'i*a 

z 

cd 

c/5 

s 

0 

U 

1 

c/5 

.s 

a 

c 

.a 

\D 

WO 

VO 

wo 

w 

CiD 

.s 

c 

o 

5S 

V) 

i/i 

cd 

0J3 

<L> 

a 

CJ 

u 

W) 

wo 

oo 

00 

wo 

• 

(S' 

C 

T3 

a> 

CL, 

C 

cd 

X 

cs 

, 

1-H 

CM 

1 

1-H 

1 

u 

c3 

ffi 

* 

o 

• 

1-H 

1^ 

CM 

* 

• 

« 

u 

CO 

<D 

O 

a 

W-( 

o 

C 

t-H 

C7\ 

30 

wo 

T-H 

1— c 

So 

Lh 

Cd 

S5 

z 

00 

c 

Q 

K 

.2 

wo 

vq 

. 

o 

q 

q 

\D 

q 

q 

T*. 

a 

<u 

wo 

wo 

WO 

• 

MO 

VO 

wo 

■ts 

HJ 

<4j 

PD 

Cl. 

.a 

o 

00 

cq 

q 

CM 

; 

’Oh 

p 

wo 

rp 

, 

I' 

cd 

1 

* 

• 

1 

q 

1 

q 

1 

q 

• 

• 

13 

VO 

wo 

wo* 

VO 

a 

S 

s 

P 

u 

CO 

Q 

f 

a> 

X) 

1-H 

O 

1— < 

a\ 

VO 

T-H 

G 

CM 

C 

P 

o 

E 

Cd 

CO 

s 

M 

Z 

L< 

O 

h4 

Cl. 

9 

CO 

H 

t: 

p 

Ph 

o 

o 

p 

73 

<D 

•4-J 

C 

o 

'n 

s 

P 

,o 

S 

o 

p 

o 

o 

CO 

a> 

L. 

(U 

> 

P 

O 

w 

*£ 

r“ 

CO 

E 

o 

"a 

£ 

CO 

2 

cd 

P 

a 

'o 

a 

i-< 

o 

a 

<D 

a 

o 

o 

o 

zn 

c 

Q 

o 

Q 

cd 

0£) 

o 

.a 

o 

X 

|ii 

CO 

<u 

a. 

Ut 

cd 

ffi 

p 

cd 

P 

< 

V 

OX) 

d 

P 

> 

CO 

u 

(D 

N 

P 

s 

<L> 

00 

73 

^-1 

o 

o 

u 

X) 

s 

O 
-«— • 

CO 

D 

P 

o 

U 

Gabbro 

p 

(U 

CL 

;-, 

CJ 

C/D 

p 

a 

04) 

u 

Ph 

Diabase 

vs 

40 


HYDROLOGY  OF  CENTRAL  CHESTER  COUNTY 


The  pH  of  the  water  is  a measure  of  the  acidity  or  alkalinity  of  the  so 
lution  and  is  caused  by  the  ions  in  solution.  It  ranges  widely  in  each  o 
the  formations.  The  more  acidic  water  generally  comes  from  the  Harper: 
Schist  and  the  Chickies  Quartzite,  and  the  more  alkaline  water  come: 
from  the  carbonate  formations.  The  lowest  pH  measured  was  4.7,  for  wate; 
from  the  Harpers  Schist,  and  the  highest  was  7.8,  for  water  from  th( 
Cockeysville  Marble.  In  5 percent  of  the  samples  the  pH  was  less  that 
5.4,  and  in  5 percent  it  was  more  than  7.2.  The  median  pH  was  6.6. 

Hardness  in  water  is  a measure  of  its  resistance  to  sudsing  and  is  due 
chiefly  to  the  presence  of  calcium  and  magnesium  ions.  The  field  meas- 
urements of  hardness  are  reported  in  grains  per  gallon  (gpg)  rather  than 
in  parts  per  million  because  the  field  method  is  accurate  only  to  plus  oi 
minus  one  grain  per  gallon,  and  to  state  the  results  in  parts  per  millior 
would  imply  a false  accuracy.  The  approximate  parts  per  million  may  be 
obtained  by  multiplying  the  grains  per  gallon  by  17. 

Hardness  ranged  from  a value  apparently  less  than  1 gpg  in  several  for- 
mations to  28  gpg  in  the  Ledger  Dolomite.  The  median,  however,  was  only 
3 gpg,  and  only  5 percent  exceeded  10  gpg. 

The  specific  conductance  of  a water  depends  on  the  amount  and  nature 
of  its  dissolved  solids.  The  relationship  of  specific  conductance  to  dis- 
solved solids  is  shown  in  Figure  18.  The  scatter  of  the  data  reflects  chiefly 
the  variation  in  the  composition  of  the  water  from  well  to  well. 


Figure  18.  Graph  showing  the  relation  of  dissolved  solids  to  field  specific  conductance.  Let- 
ter "L"  indicates  laboratory  measurement  of  conductance. 
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The  specific  conductances  ranged  from  15  micromhos  in  the  Hellam 
Conglomerate  Member  of  the  Chickies  Quartzite  to  1,150  micromhos  in  the 
;■  muscovite  phase  of  the  Wissahickon  Formation.  They  were  log-normally 
la  distributed  (plot  as  a straight  line  on  the  logarithmic-probability  paper), 
i Five  percent  were  less  than  55  micromhos  and  5 percent  were  greater  than 
[ 400  micromhos.  The  median  was  145  micromhos. 

STRATIGRAPHY  AND  WATER-BEARING  PROPERTIES 

OF  THE  ROCKS 

: The  stratigraphic  discussion  in  this  report  is  based  on  the  work  of 

1 Bascom  and  Stose  (1932  ) and  on  that  of  McKinstry  (1961).  The  geolo- 
gic  maps  are  taken  from  the  atlas  by  Bascom  and  Stose  (1932).  No  geolo- 
^ gic  work  was  done  by  the  present  writer. 

The  rocks  may  be  divided  into  three  groups  on  the  basis  of  their  cur- 
rent importance  as  aquifers,  as  indicated  by  availability  of  hydrologic  data 
1 in  each  of  them. 

In  the  first  group,  called  for  convenience  sake  the  major  aquifers,  data 
) are  sufficiently  abundant  to  permit  their  appraisal.  The  formations  of  this 
j group  are  the  Baltimore  Gneiss,  the  Wissahickon  Formation,  and  the 
l,gabbro.  All  are  of  large  areal  extent. 

The  second  group,  called  here  the  minor  aquifers,  are  those  on  which 
..data  are  not  sufficiently  abundant  to  permit  their  hydrologic  appraisal, 
r The  formations  in  this  group  are  the  Setters  Formation,  Cockeysville 
i Marble,  Peters  Creek  Schist,  Chickies  Quartzite,  Harpers  Schist,  Vintage 
Dolomite,  Kinzers  Formation,  Ledger  Dolomite,  Elbrook  Limestone,  and 
..  Conestoga  Limestone.  Data  are  scarce  in  this  group  either  because  the 
I formations  are  of  small  areal  extent  or  because  their  areas  are  sparsely 
r populated. 

The  third  group,  called  here  the  local  aquifers,  is  one  in  which  data 
are  almost  totally  lacking.  This  group  is  comprised  of  the  Franklin  Lime- 
I stone,  Antietam  Quartzite,  and  the  serpentine,  pegmatite,  and  diabase. 

; Except  for  the  Antietam,  these  formations  occur  as  small  isolated  bodies 
a fraction  of  a square  mile  in  extent;  the  Antietam  exposure  is  slightly 
I larger,  but  is  sparsely  settled  in  this  area. 

Major  Aquifers 

The  percent  frequency  distribution  of  the  data  on  the  Baltimore  Gneiss, 
r the  Wissahickon  Formation,  and  the  gabbro  are  presented  graphically;  data 
I on  reported  yields,  specific  capacities,  well  depths,  casing  depths,  water- 
I bearing  zones,  pH  of  the  water,  and  the  hardness  and  specific  conductance 
I of  the  water  are  shown  in  Figures  19  to  25,  respectively 

Inspection  of  these  graphs  shows  a number  of  noteworthy  features.  First, 
the  data  in  the  two  phases  of  the  Baltimore  or  the  two  phases  of  the  Wis- 
i sahickon  are  not  close  enough  to  plot  as  a single  line  (the  specific  con- 
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ductance  of  the  water  in  the  two  phases  of  the  Baltimore  is  the  single  ex'i'  ' 
ception).  Second,  the  data  of  one  phase  are  generally  more  similar  t 
those  of  its  sister  phase  than  they  are  to  those  of  the  other  formations 
Third,  many  of  the  data  are  log-normally  distributed  or  nearly  so.  Fourth 
the  data  on  one  phase  of  a formation  often  have  about  the  same  standan 
deviation,  or  rate  of  variability  (the  slopes  of  the  lines  are  the  same)  a 


Figure  19.  Graph  showing  the  percent  frequency  distribution  of  reported  well  yields  in  the 
Baltimore  Gneiss,  the  Wissahickon  Formation,  and  the  gabbro. 
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2 5 10  30  50  70  90  95  98 

Percent  of  capacities  equal  to  or  less  than  value  shown 

Figure  20.  Graph  showing  the  percent  frequency  distribution  of  specific  capacities  of  wells 
in  the  Baltimore  Gneiss,  the  Wissahickon  Formation,  and  the  gabbro. 


the  data  from  the  other  phase  of  the  formation.  This  is  especially  striking 
in  the  reported  yield  and  specific  capacity  graphs  (Figures  19  and  20)  of 
the  Wissahickon  Formation.  Here  the  data  in  both  phases  are  greatly 
skewed,  but  both  curves  have  roughly  parallel  slopes  that  change  in  one 
phase  at  the  same  yield  or  specific  capacity  as  in  the  other.  Fifth,  although 


Depth,  in  feet 
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Figure  21.  Graph  showing  the  percent  frequency  distribution  of  well  depths  in  the  Baltimore' 
Gneiss,  the  Wissahickon  Formation,  and  the  gabbro. 


the  data  in  the  different  phases  or  formations  in  most  instances  are  suf-l 
ficiently  different  as  to  plot  as  separate  lines,  their  standard  deviation,  or] 
rate  of  variability,  is  so  great  that  stratigraphy  is  not  a reliable  guide  to  the 
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Figure  22.  Graph  showing  the  percent  frequency  distribution  of  depth  of  casings  in  the 
* Baltimore  Gneiss,  the  Wissahickon  Formation,  and  the  gabbro. 


water-bearing  properties  of  the  rock.  Sixth,  the  tails  of  the  graphs  of  yield 
and  specific  capacity  are  of  more  interest  than  the  middle  part  of  these 
graphs.  The  lower  ends  of  the  graphs  show  the  percent  of  the  wells  that 
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Figure  23.  Graph  showing  the  percent  frequency  distribution  of  depth  of  water-bearing  zones 
in  the  Baltimore  Gneiss,  the  Wissahickon  Formation,  and  the  gabbro. 


failed  to  yield  even  the  minimum  supplies  for  domestic  use;  the  upper 
ends  of  the  graphs  give  an  indication  of  the  maximum  supplies  of  water 
that  may  be  obtained  from  these  aquifers. 
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Percent  of  pH‘s  equal  to  or  less  than  value  shown 

igure  24.  Graph  showing  the  percent  frequency  distribution  of  pH  of  water  in  the  Balti- 
more Gneiss,  the  Wissahickon  Formation,  and  the  gabbro. 


Baltimore  Gneiss 

Stratigraphy. — The  Baltimore  Gneiss  is  widely  exposed  in  the  cores  of 
inticlinal  struetures  in  the  area  and  constitutes  one  of  the  major  rock 
ypes.  It  is  typically  a medium-grained  rock  containing  quartz,  feldspar, 
hotite,  and  occasionally  hornblende. 
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Figure  25.  Graph  showing  the  percent  frequency  distribution  of  hardness  and  specific  con- 
ductances of  water  in  the  Baltimore  Gneiss,  the  Wissahickon  Formation,  and  the  gabbro. 


Abundant  intrusions  of  dikes  and  irregular  masses  of  pegmatite,  gabbro, 
and  peridotite — only  the  larger  of  which  have  been  mapped — have  caused 
the  Baltimore  to  vary  in  appearance  from  typically  banded  gneiss  to  mas- 
sive textured  igneous  rock. 


Hardness,  in  arains  oer  aallons 
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Local  shearing  has  altered  the  Baltimore  to  a rapidly  weathering  mica 
schist  in  several  places  such  as  in  the  vicinity  of  Black  Horse  north  of 
Chester  Valley  and  along  a thrust  fault  just  north  of  West  Chester. 

A graphitic  phase  of  the  gneiss  of  somewhat  uncertain  areal  extent  is 
present  in  the  vicinity  of  Ward,  in  the  southeastern  corner  of  the  area, 
and  in  a few  other  small  scattered  exposures.  Both  muscovite  and  biotite 
are  abundant,  and  there  is  more  quartz  than  feldspar.  The  graphitic  phase 
weathers  readily  to  a strongly  hematitic  or  limonitic  soil. 

The  thickness  of  the  Baltimore  is  not  known. 

Water-bearing  properties. — Reported  yields  obtained  for  122  wells 
ranged  from  less  than  1 gpm  to  270  gpm.  Of  the  64  yields  reported  from 
the  “normal”  phase,  9 were  5 gpm  or  less  and  4 exceeded  100  gpm.  The 
median  yield  was  about  17  gpm. 

The  gabbro-intruded  phase  of  the  Baltimore  yielded  slightly  less  than 
the  “normal”  phase;  13  of  the  55  wells  yielded  5 gpm  or  less  and  only  1 
well  yielded  100  gpm  or  more.  The  median  yield  was  11  gpm. 

Yields  were  reported  on  only  3 wells  in  the  graphitic  phase  of  the  Bal- 
timore. These  were  14,  15,  and  45  gpm. 

Specific  capacities  based  on  1-hour  tests  on  10  wells  in  the  “normal” 
gneiss  ranged  from  0.2  to  8.9  gpm  per  ft,  and  the  median  was  0.93  gpm 
per  ft.  Tests  on  9 wells  in  the  gabbro-intruded  gneiss  ranged  from  0.06 
to  9.0,  and  the  median  was  2.2  gpm  per  ft.  No  tests  were  made  on  wells 
in  the  graphitic  phase. 

Of  89  wells  in  the  “normal”  gneiss  for  which  depths  were  obtained,  15 
were  50  feet  deep  or  less,  and  3 were  over  300  feet  deep.  The  median 
depth  was  84  feet.  Well  depths  in  the  gabbro-intruded  gneiss  ranged  less 
widely.  Only  2 of  the  69  wells  were  50  feet  deep,  or  less,  and  only  3 were 
over  200  feet  deep.  The  median  depth  was  102  feet.  The  3 wells  in  the 
'graphitic  gneiss  were  50,  145,  and  154  feet  deep. 

The  thickness  of  the  zone  of  weathering  in  the  Baltimore  Gneiss,  as 
indicated  by  measurements  of  the  amount  of  casing  used  in  the  wells,  is 
about  the  same  for  all  phases  of  the  Baltimore.  About  one-eighth  of  the 
wells  penetrated  20  feet  or  less  of  weathered  material  and  slightly  less  than 
one-eighth  penetrated  more  than  60  feet  of  weathered  rock.  The  median 
thickness  was  35  feet. 

Data  on  water-bearing  zones  were  obtained  from  44  wells  in  the  “nor- 
mal” gneiss,  33  in  the  gabbro-intruded  gneiss,  and  1 in  the  graphitic 
gneiss.  Wells  in  the  “normal”  gneiss  having  either  1 or  2 yielding  zones 
were  about  equally  abundant  and  included  75  percent  of  the  wells;  3 zones 
were  penetrated  in  20  percent  of  the  wells,  and  4 zones  were  penetrated  in 
2 wells.  In  the  gabbro-intruded  gneiss,  42  percent  of  the  wells  had  only  1 
zone,  27  percent  had  2 zones,  and  27  percent  had  3 zones;  only  1 well 
yielded  water  from  4 zones. 
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Wells  150  feet  deep  or  less  generally  penetrated  2 or  3 yielding  zone 
and  2 of  these  wells  obtained  water  from  4 zones.  Most  of  the  zones  wer. 
less  than  100  feet  below  land  surface,  but  in  the  “normal”  gneiss,  zone 
were  common  down  to  200  feet.  Data  on  the  deeper  wells  were  scarce,  be 
multiple  yielding  zones  were  present  in  most  of  these  wells.  The  zones  wer 
much  farther  apart,  however,  than  in  the  shallower  wells.  Of  the  2 well 
deeper  than  300  feet,  for  which  data  were  available,  both  obtained  som! 
of  their  water  below  300  feet.  ' 

Evaluation  of  the  aquifer. — Yields  of  50  gpm  or  more  should  be  obtain 
able  from  wells  properly  situated  and  developed.  The  wells  should  be  ir: 
draws  and  should  be  at  least  100  feet  deep,  but  probably  not  over  20(1 
feet  deep  unless  local  evidence  indicates  the  presence  of  deeper  zones  o 
weathering.  Available  data  indicate  that  of  the  wells  100  feet  or  mon 
deep  that  are  in  draws,  approximately  1 out  of  2 wells  yielded  50  gpm  o i 
more,  1 out  of  3 yielded  75  gpm  or  more,  and  1 out  of  4 yielded  100  gpn 
or  more. 

Water  quality. — Water  samples  from  5 wells  were  analyzed  in  the  labora 
tory — 3 from  wells  in  the  “normal”  gneiss  and  1 each  from  wells  in  th( 
gabbro-intruded  and  graphitic  gneiss.  Dissolved  solids  ranged  from  101  t( 
262  ppm.  Iron  ranged  from  0.10  to  7.5  ppm. 

Field  determinations  of  pH  were  made  on  100  water  samples.  The  watei 
from  the  “normal”  gneiss  was  the  most  acidic  (median  pH  6.3).  Wate; 
from  the  gabbro-intruded  gneiss  and  the  graphitic  gneiss  each  had  a mediar 
pH  of  6.6. 

The  median  hardness  and  specific  conductance  of  122  water  sample; 
analyzed  in  the  field  was  4 gpg  and  160  micromhos  in  the  “normal”  gneis; 
and  gabbro-intruded  gneiss,  and  6 gpg  and  325  micromhos  in  the  graph- 
itic phase. 


Wissahickon  Formation 

Stratigraphy. — The  Wissahickon  Formation,  one  of  the  most  widespreac 
formations  in  the  area,  is  exposed  in  the  synclines.  It  exhibits  the  wides' 
range  of  metamorphism  of  any  of  the  formations,,  ranging  from  phyllite. 
through  schist,  to  gneiss  (McKinstry,  1961,  p.  562).  Bascom  and  Stosc 
(1932)  divided  it  into  two  facies  on  their  geologic  map — a northern  one 
known  as  the  albite-chlorite  schist  and  a southern  one  termed  the  oligoclase- 
mica  schist.  The  relation  of  the  northern  facies  to  the  southern  facies  was 
not  recognized  at  first,  and  the  two  units  were  considered  different  forma- 
tions and  of  different  ages;  the  northern  was  called  the  Octoraro  and  the 
southern  was  called  the  Wissahickon  (Swartz,  1948,  p.  1507).  The  name 
Octoraro  was  abandoned  when  the  two  units  were  recognized  as  parts  of  a 
single  formation. 
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^ The  northern  facies  is  typically  a phyllite  (McKinstry,  1961,  p.  562) 
^and  is  composed  chiefly  of  quartz,  feldspar,  muscovite,  and  chlorite.  Minute 
Whedral  albite  crystals  are  reported  to  be  intercalated  with  muscovite 
■‘'schist  beds  (Bascom  and  Stose,  1932,  p.  4).  The  bedding  is  rarely  vis- 
ible, but  where  seen  it  is  nearly  parallel  to  the  cleavage. 

The  southern  facies  is  more  coarsely  crystalline  than  the  northern,  and 
according  to  Bascom  and  Stose  (1932,  p.  4-5)  is  separable  into  two 
.^eissic  members — although  they  did  not  map  it  in  this  way.  The  upper 
'member  is  a muscovite  gneiss  and,  is  distinguished  from  the  lower  by  “be- 
^'ing  excessively  micaceous  . . . and  more  schistose  than  gneissic  . . . (It)  is 
: characteristically  crinkled  or  fluted,  with  a schistosity  cutting  across  the 
Iduting”  (Bascom  and  Stose,  1932,  p.  5).  It  is  composed  chiefly  of  quartz, 
i ’eldspar,  and  muscovite.  The  lower  member  is  developed  south  of  the  re- 
1 Dort  area  and  is  a “biotite  gneiss,  abundantly  injected  by  granitic  and 
Igabbroic  pegmatites  and  by  massive  gabbro  . . .”  (Bascom  and  Stose, 

! 1932,  p.  4).  Feldspar  is  more  abundant  in  this  member  than  in  the  upper 
' member.  In  the  past  some  of  this  member  has  been  mistakenly  mapped  as 
Baltimore  Gneiss.  Because  of  the  intense  folding  and  lack  of  recognizable 
t recurrent  beds,  the  thickness  of  the  Wissahickon  is  not  known. 

Water-bearing  properties. — The  capacity  of  the  chlorite  phase  of  the 
jVissahickon  to  yield  water  to  wells  is  obscured  by  conflicting  evidence. 
Based  on  reported  yields,  it  is  one  of  the  poorer  aquifers  of  the  area.  Of  41 
veils  on  which  yields  were  reported,  about  7 yielded  less  than  1 gpm  and 
)nly  2 wells  yielded  more  than  50  gpm.  The  median  yield  was  about  8 
gpm.  However,  based  on  specific  capacities  determined  from  18  pumping 
ests,  it  is  one  of  the  better  aquifers.  Specific  capacities  ranged  from  0.04 
' 0 38  gpm  per  ft.  (Only  a well  in  the  Cockeysville  Marble  had  a higher 
iipecific  capacity  than  the  best  well  in  this  unit.)  The  median  was  2.4  gpm 
rer  ft. 

The  conflict  in  the  data  is  probably  partly  due  to  the  improper  estima- 
:ion  of  the  yields  of  the  high  capacity  wells,  as  many  of  these  wells  were 
* drilled  by  chum  drill  and  tested  by  bailing.  Also,  it  may  be  partly  due  to 
:^;he  failure  to  include  a sufficient  number  of  the  poorer  wells  in  the  sam- 
'I  ffing  of  wells  for  specific  capacity  tests,  because  many  of  these  wells  were 
|ibandoned  immediately  after  drilling,  when  they  proved  completely  inade- 
I luate. 

I In  the  muscovite  gneiss  phase  of  the  Wissahickon,  only  1 of  the  77  wells 
••eported  yielded  a gallon  per  minute  or  less,  and  14  yielded  5 gpm  or  less. 
^Dnly  4 wells  were  reported  to  yield  more  than  35  gpm,  but  2 of  these 
I'jxceeded  300  gpm.  The  median  yield  was  10.5  gpm. 

' Specific  capacities  of  the  gneiss  phase  were  determined  from  tests  on  20 
wells  and  ranged  from  0.06  to  8.4  gpm  per  ft.  The  median  was  0.4  gpm 
per  ft. 
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Of  63  reported  well  depths  in  the  chlorite  phase  1 was  less  than  5C 
feet  deep  and  4 were  over  300  feet  deep.  The  median  depth  was  125  feet. 
In  the  muscovite  gneiss  phase  2 of  the  115  well  depths  were  less  than  5C 
feet  and  5 were  more  than  300  feet.  The  median  was  about  112  feet. 

Data  on  the  depth  of  casing  were  obtained  for  46  wells  in  the  chlorite 
phase.  Eight  wells  had  less  than  20  feet  of  casing  and  4 had  more  than 
100  feet.  The  median  depth  of  casing  was  25  feet.  Of  the  10  wells  yielding 
20  gpm  or  more,  4 had  20  feet  or  less  of  casing  and  7 contained  40  feel 
or  less.  The  amount  of  casing  was  not  reported  in  2 of  the  10  wells. 

Of  67  casings  in  the  muscovite  gneiss  phase  9 were  less  than  20  feet  and 
only  1 casing  was  more  than  100  feet  deep.  The  median  depth  was  40 
feet. 

Data  on  depth  to  yielding  zones  was  obtained  for  20  wells  in  the  chlorite 
phase.  Eleven  of  the  wells  yielded  water  from  a single  zone,  5 yielded  from 
2 zones,  3 yielded  from  3 zones,  and  1 yielded  from  4 zones.  Only  2 
yielding  zones  were  deeper  than  125  feet  although  12  of  the  wells  were 
between  125  and  400  feet  deep. 

This  distribution  of  water-bearing  zones  is  markedly  different  in  the 
muscovite  gneiss  phase.  Of  40  wells,  1 1 obtained  water  from  a single  zone, 
18  from  2 zones,  6 from  3 zones,  2 from  4 zones,  1 from  5 zones,  and 
2 from  7 zones.  Water-bearing  zones  were  not  restricted  to  within  125 
feet  of  land  surface,  but  were  at  depths  as  great  as  285  feet.  One  well 
obtained  20  gpm  from  a zone  252  feet  deep.  Contrary  to  expectations,  no 
systematic  decrease  in  the  density  of  yielding  zones  was  noted  as  the  well 
depth  increased  to  as  much  as  400  feet. 

Evaluation  of  the  aquifer. — Both  reported-yield  and  specific-capacity  data 
indicate  a wide  range  in  the  yielding  capacity  of  wells  in  this  aquifer.  How- 
ever, for  reasons  noted  at  the  beginning  of  the  discussion  on  this  forma- 
tion, reported  yields  are  not  satisfactory  for  estimating  the  more  commonly 
expected  yields.  Specific  capacities  were  used,  therefore,  to  estimate  the 
potential  yields  of  the  wells,  and  these  estimated  yields  were  used  in  the 
following  evaluation.  Wells  in  the  chlorite  phase  should  be  drilled  about 
150  feet  deep  on  slopes  or  in  draws  to  realize  an  average  yield  of  75  gpm 
or  more.  The  wells  drilled  on  slopes  appear  to  yield  slightly  better  than 
those  in  draws. 

In  the  muscovite  phase,  the  wells  should  be  at  least  300  feet  deep  for 
maximum  production,  and  they  may  be  expected  to  yield  75  gpm  or  more. 
Wells  drilled  in  draws  appear  to  be  somewhat  better  than  those  on  slopes. 

Water  quality. — Three  samples  of  water  from  each  phase  of  the  Wissa- 
hickon  were  analyzed  in  the  laboratory.  The  dissolved-solids  content  of  the 
samples  ranged  115  to  250  ppm  and  was  about  the  same  in  each  phase. 
Iron  ranged  from  0.03  to  0.31  ppm.  The  potassium  content  of  the  chlorite 
phase  was  quite  low  (0.2  to  0.7  ppm)  and  makes  water  from  this  phase 
readily  distinguishable  from  water  from  the  muscovite  phase  (3.0  to  3.2 
ppm). 
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I Forty-nine  field  measurements  of  pH  were  made  on  water  from  the 
j;  chlorite  phase  and  59  on  water  from  the  muscovite  gneiss  phase.  The  waters 
I were  slightly  acidic;  their  median  pH  was  6.2.  The  hardness  of  the  water 
I in  each  of  the  two  phases  was  also  about  the  same.  The  median  hardness 
j was  2.5  gpg.  The  median  specific  conductances  were  130  and  120  microm- 
I hos. 

I 

Gabbro 


’/  Stratigraphy. — Gabbro  is  the  most  abundant  of  the  igneous  rocks  in  the 
t area  and  is  exposed  both  in  large  masses  and  in  small  elongate  bodies,  gen- 
I crally  in  the  anticlinal  areas  and  surrounded  by  the  Baltimore  Gneiss.  A 
} few  small,  scattered  exposures  are  surrounded  by  the  Wissahickon  Forma- 
. tion.  Bascom  and  Stose  (1932,  p.  8)  state:  “so  closely  do  quartz  gabbro — 
and  the  metamorphosed  invaded  gneiss  resemble  one  another  in  color,  con- 
1 >tituents,  and  massive  character,  so  irregular  and  confused  are  their  con- 
~ ;acts,  that  in  the  absence  of  good  exposures  the  boundaries  drawn  have 
I lot  the  same  significance  as  lines  between  well-defined  sedimentary  forma- 
:ions.  The  map  represents  the  preponderance  of  one  or  another  of  the 
, :ypes  rather  than  the  exclusive  occurrence  of  a single  type.” 

According  to  McKinstry  (1961,  p.  560),  the  gabbro  and  metagabbro 
within  the  Wissahickon  are  mostly  hornblende  gneiss  and  amphibolite.  The 
iriginal  rock  type  is  found  in  the  larger  masses,  according  to  Bascom  and 
Stose  (1932,  p.  8)  and  is  termed  by  them  a hypersthene  or  augite  gabbro. 
in  addition  to  these  pyroxenes,  the  fresh  rock  consists  chiefly  of  calcic 
ilagioclase  (labradorite  to  anorthite)  but  may  have  as  much  as  30  percent 


juartz. 

^ ' Although  Bascom  and  Stose  consider  the  gabbro  to  be  intrusive,  McKin- 
jitry  (1961,  p.  560)  states  that  in  the  Wissahickon  he  has  seen  no  gabbro 
|:hat  is  clearly  intrusive  and  suggests  that  it  may  be  volcanic  in  origin. 
'Furthermore  he  believes  it  may  not  be  all  the  same  age  and  that  none 
■nay  be  post-Glenarm. 

No  metagabbro  is  found  in  the  zone  of  low-grade  metamorphism,  but  a 
Tbreenstone  schist  that  is  present  there  may  be  its  equivalent.  The  schist  is 
T'.omposed  of  very  fine-grained  amphibole  plus  epidote,  plagioclase,  biotite, 
i' chlorite,  and  quartz,  and  would  be  represented  in  the  high-grade  zone  by 

!i  hornblende  gneiss. 

Water-bearing  properties. — The  45  reported  yields  ranged  widely,  from 
).5  to  125  gpm,  but  the  median  was  10  gpm.  Twelve  of  the  wells  yielded 
) gpm  or  less,  and  5 yielded  more  than  50  gpm. 

Pumping  tests  were  made  on  five  wells.  Their  specific  capacities  ranged 
Tom  0.2  to  3.9  gpm  per  ft  and  the  median  was  1.3  gpm  per  ft. 

The  depths  of  52  wells  in  the  gabbro  ranged  from  36  to  235  feet.  Six 
I*  of  the  wells  were  50  feet  or  less  deep,  and  6 were  over  200  feet.  The 
nedian  depth  was  94  feet. 
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The  depths  of  39  casings  ranged  from  10  to  87  feet,  and  the  medic 
depth  was  33  feet.  Five  were  20  feet  or  less  and  3 were  more  than  0 
feet  long. 

Data  from  28  wells  showed  that  multiple  yielding  zones  were  commc 
in  wells  in  this  rock.  Seventy-one  percent  of  the  wells  yielded  from  moi 
than  1 zone,  39  percent  from  more  than  2 zones,  and  18  percent  from  moi 
than  3 zones.  The  fractures  were  more  abundant  at  shallow  depths  ar 
decreased  slowly  in  abundance  downward  to  about  200  feet.  No  wate 
bearing  zones  were  encountered  below  this  depth,  although  5 of  the  wel 
were  more  than  200  feet  deep. 

Evaluation  of  the  aquifer. — Yields  of  35  gpm  or  more  should  be  obtaii 
able  from  wells  properly  situated  and  developed.  The  wells  should  be  i 
draws  and  should  be  at  least  200  feet  deep.  Data  indicate  that  large-yiek 
ing  zones  are  commonly  at  shallow  depths,  but  that  additional  water-beai 
ing  zones  occur  at  depths  up  to  200  feet. 

Water  quality. — Three  water  samples  were  analyzed  chemically  in  th 
laboratory.  Dissolved  solids  ranged  from  119  to  156  ppm.  Iron  range 
from  0.1  to  2.5  ppm. 

The  field  measurements  of  the  pH  of  26  samples  had  a median  of  6.; 
The  median  hardness  was  4 gpg  and  the  median  specific  conductance  wa 
160  micromhos. 

Minor  Aquifers 

The  minor  aquifers  include  three  of  the  four  formations  of  the  Glen 
arm  Series  (Setters  Formation,  Cockeysville  Marble,  and  Peters  Cree, 
Schist)  and  all  seven  of  the  Cambrian  and  Ordovician  formations  of  th 
Chester  Valley  (Chickies  Quartzite — including  the  Hellam  Conglomerat 
Member — Harpers  Schist,  Vintage  Dolomite,  Kinzers  Formation,  Ledge 
Dolomite,  Elbrook  Limestone,  and  Conestoga  Limestone). 

Data  were  abundant  enough  to  show  percent  frequency  distributions  onl; 
in  the  Peters  Creek  Schist  and  in  the  combined  data  of  the  carbonate  for 
mations.  The  carbonate  formations  were  those  in  the  Chester  Valley;  Vin 
tage  Dolomite,  Kinzers  Formation,  Ledger  Dolomite,  Elbrook  Limestone 
and  Conestoga  Limestone. 

Figure  26  shows  the  percent  frequency  distribution  of  reported  yields  ii 
the  Peters  Creek  Schist  and  the  carbonate  rocks,  and  of  specific  capacitie; 
in  the  schist.  Figure  27  shows  the  distribution  of  well  depths,  casing  depths 
and  depths  of  water-bearing  zones  in  the  schist  and  the  carbonates.  Figurf 
28  illustrates  the  distribution  of  pH  and  Figure  29  shows  the  distributior 
of  hardnesses  and  specific  conductances  in  these  formations. 

The  graphs  show  that  in  general  the  Peters  Creek  Schist  resembles  the 
Wissahickon  Formation  hydrologically.  Slight  differences  are  present,  ol 
course:  the  standard  deviation  of  the  yield  and  depth  to  water-bearing 
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igure  26.  Graph  showing  the  percent  frequency  distribution  of  reported  yields  and  specific 
capacities  of  wells  in  the  Peters  Creek  Schist  and  reported  yields  in  the  combined  carbonate 
rocks. 


Dnes  is  somewhat  less  in  the  schist,  as  is  the  overall  distribution  of  depths, 
/ater  quality  is  similar  in  both  units. 

j In  the  carbonates,  the  yields  and  water  quality  are  higher  than  in  other 
ormations. 


I 


Specific  Capacity,  in  gallons  per  minute  per  foot  of  drawdown 
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Percent  of  depths  equal  to  or  less  than  value  shown 


Figure  27.  Graph  showing  the  percent  frequency  distribution  of  well  depths,  depth  of  cc 
ings  and  depth  of  water-bearing  zones  in  the  Peters  Creek  Schist  and  in  the  combined  co 
bonate  rocks. 


Setters  Formation 


Stratigraphy. — The  Setters  Formation  is  present  on  the  flanks  of  tl 
Woodville  and  London  Grove-Avondale  anticlines.  It  consists  chiefly  < 
quartzite  or  quartzitic  schist  but  in  places  may  be  a mica  gneiss.  Mk 
(chiefly  biotite)  may  make  up  about  half  the  rock  or,  more  rarely,  may  I 
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Percent  of  pH's  equal  to  or  less  than  value  shown 


il'igure  28.  Graph  showing  the  percent  frequency  distribution  of  pH  of  water  in  the  Peters 
Creek  Schist  and  in  the  combined  carbonate  rocks. 

I 

he  least  abundant  mineral.  The  formation  is  considered  correlative  with 
he  Chickies  Quartzite  and  is  estimated  to  be  about  1,000  feet  thick. 

Water-bearing  properties. — Reported  yields  obtained  for  5 wells  ranged 
rom  12  to  33  gpm,  and  the  median  yield  was  16  gpm.  Specific  capacities, 
determined  from  tests  of  3 wells,  were  0.2,  1.0,  and  2.5  gpm  per  ft. 
i(  Depths  reported  for  8 wells  ranged  from  69  to  140  feet,  and  the  median 
jlepth  was  107  feet. 


Percent  of  samples  having  value  equal  to  or  less  than  that  shown 


Figure  29.  Graph  showing  the  percent  frequency  distribution  of  hardnesses  and  specific  C(- 
ductances  of  water  in  the  Peters  Creek  Schist  and  in  the  combined  carbonate  rocks. 


Casing  depths  in  wells  in  this  formation  ranged  from  17  feet  to  100  ft t 
and  apparently  reflect  two  markedly  different  environments.  Of  the  6 we> 
on  which  measurements  were  available,  3 had  only  a small  amount  of  c£- 
ing  (17,  20,  and  21  feet),  and  3 had  much  deeper  casing  (60,  68,  and  10 
feet).  Whether  the  greater  lengths  indicate  greater  depths  of  weatherii][^ 
zones  of  intense  fracturing,  or  other  factors,  is  not  known.  ^ 
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Data  on  water-bearing  zones  were  obtained  on  only  four  wells.  Three 
of  the  wells  penetrated  only  a single  zone  and  1 received  water  from  4 
zones.  The  4 zones  in  the  one  well  ranged  from  22  to  110  feet  deep  and 
aearly  span  the  range  in  depth  of  the  zones  in  the  other  3 wells. 

Evaluation  of  the  aquifer. — The  Setters  contains  few  wells  and  is  un- 
important as  an  aquifer.  The  data  available,  however,  suggest  that  more 
\vater  could  probably  be  obtained  from  wells  in  this  aquifer  than  is  being 
obtained  by  existing  wells.  The  wells  should  be  drilled  in  draws,  and  they 
orobably  should  be  about  200  feet  deep. 

Water  quality. — The  single  sample  analyzed  in  the  laboratory  had  a dis- 
lolved-sohds  content  of  265  ppm  and  an  iron  content  of  0.18  ppm.  This 
malysis  is  probably  not  typical  of  water  in  the  Setters  as  the  high  nitrate 
65  ppm)  suggests  contamination. 

A more  representative  picture  of  the  quality  can  be  obtained  from  the 
! pH  and  7 hardness  and  specific-conductance  determinations  made  in  the 
ield.  The  median  pH  was  6.8,  the  median  hardness  was  7 gpg,  and  the 
oedian  specific  conductance  was  250  micromhos.  Thus,  the  water  appears 
0 be  only  slightly  acidic  and  moderate  in  hardness  and  dissolved  solids. 


Cockeysville  Marble 

Stratigraphy. — ^The  Cockeysville  Marble  is  exposed  on  the  flanks  of  the 
VoodvUle  and  London  Grove-Avondale  anticlines  and  in  small  areas  scat- 
jred  along  the  southern  side  of  the  Poorhouse  Prong  and  along  the  Bailey 
neament.  It  is  typically  a medium-  to  coarse-grained,  saccharoidal  rock, 
inging  in  color  from  white  to  light  blue-gray,  and  often  banded  with 
akes  of  golden-brown  phlogopite.  It  is  distinguished  from  the  Franklin 
-imestone  by  its  finer  texture  and  lack  of  graphite.  It  is  distinguished  from 
le  limestones  of  the  Chester  Valley,  with  which  it  is  considered  correlative, 
y its  lighter  color  and  coarser  grain.  Its  thickness  is  estimated  variously 
rom  100-500  feet  (Bascom  and  Stose,  1932,  p.  4)  to  1,700  feet  (McKin- 
try,  1961,  p.  559). 

Water-bearing  properties. — The  yield  of  a well  in  carbonate  rocks  de- 
ends on  the  size  and  number  of  the  water-filled  solution  openings  inter- 
epted  by  the  well.  As  such  solution  openings  range  widely  in  size  and 
umber  from  place  to  place,  the  well  yields  also  range  widely.  This  point 
,,  well  illustrated  by  the  3 wells  in  the  Cockeysville  for  which  data  were 
vailable.  Their  reported  yields  were  3,  20,  and  330  gpm. 

Specific  capacities  determined  from  tests  on  4 wells  were  0.1,  1.1,  5.2, 
•Qd  78  gpm  per  ft.  The  specific  capacity  of  78  gpm  per  ft  was  the  largest 
btained  from  any  formation  in  the  area  of  this  investigation. 

' Depths  of  6 wells  were  obtained.  These  ranged  from  33  to  170  feet; 
le  median  depth  was  89  feet. 
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The  only  four  reported  casing  depths  were  20,  32,  51,  and  80  feet.  K 
relationship  was  apparent  between  the  depths  of  these  casings  and  t; 
well  depths  or  topographic  positions.  All  except  the  51 -foot  casing  we- 
on  slopes;  the  51 -foot  casing  was  in  the  large-yielding  well  which  was  i 
the  valley.  i 

Evaluation  of  the  aquifer. — The  Cockeysville  is  potentially  the  best  aqi 
fer  in  the  area,  and  yields  of  500  and  1,000  gpm  or  more  should  be  o 
tainable.  Data  on  optimum  depths  are  not  available;  however,  judglf^ 
from  data  obtained  in  other  areas  of  carbonate  rocks  in  Pennsylvania,  fi 
attempt  to  obtain  a high-yielding  well  should  be  stopped  short  of  a depi 
of  300  feet. 

Water  quality. — Two  samples  of  water  from  the  Cockeysville  Mark 
were  analyzed  in  the  laboratory.  Both  samples  contained  about  230  ppi 
dissolved  solids.  Although  water  in  carbonate  rocks  may  easily  become  co 
laminated  over  wide  areas,  neither  sample  contained  excessive  amounts. ' 
nitrate  ( a common  indicator  of  organic  wastes). 

The  water  was  typically  slightly  alkaline;  the  median  pH  of  5 sampl; 
analyzed  in  the  field  was  7.3.  Hardness  (as  determined  in  6 samples)  w. 
moderate  and  included  3 samples  having  a hardness  of  5 gpg  and  3 sampl, 
having  hardnesses  of  8,  9,  and  12  gpg.  Conductances  also  tend  to  be  (■ 
vided  into  two  groups.  Three  were  relatively  low  (150,  170,  and  l<f 
micromhos),  2 had  a conductance  of  310  micromhos  and  1 had  a co 
ductance  of  400  micromhos. 

Peters  Creek  Schist 

Stratigraphy. — The  Peters  Creek  Schist  is  a fine-grained  finely  laminate, 
nonfissile  mica  schist.  It  is  characterized  by  numerous  thin  beds  of  quartzit, 
which  are  interleaved  with  the  layers  of  muscovite. 

The  Peters  Creek  is  found  only  in  the  central  part  of  the  Peach  Bottoi 
synclinorium.  It  is  distinguishable,  on  the  north,  from  the  weakly  met- 
morphosed  phase  of  the  Wissahickon  by  its  abundant  quartzite  beds.  ]; 
southern  boundary,  where  it  lies  in  contact  with  the  more  strongly  met- 
morphosed  phase  of  the  Wissahickon,  is  uncertain.  It  is  estimated  to  !i 
about  2,000  feet  thick. 

Water-bearing  properties. — Reported  yields  of  35  wells  ranged  from) 
to  312  gpm.  Two  of  the  wells  yielded  less  than  2 gpm  and  2 yielded  mo^ 
than  25  gpm.  The  median  yield  was  11.3  gpm.  Eighteen  specific-capaci' 
tests  were  made  on  wells  tapping  the  Peters  Creek  Schist.  The  speck 
capacities  ranged  from  0.03  to  11.3  gpm  per  ft,  and  their  median  was  b 
gpm  per  ft. 

Reported  depths  of  69  wells  ranged  from  32  to  426  feet.  Eight  were  5 
feet  or  less  deep  and  6 were  more  than  200  feet  deep.  The  median  depi 
was  about  92  feet. 
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Reported  depths  of  casing  were  obtained  for  36  wells;  7 were  20  feet  or 
■ss  deep  and  only  1 was  more  than  65  feet.  The  median  was  about  29  feet. 

Depth  to  yielding  zones  was  reported  for  12  wells.  Seven  wells  were 
applied  by  a single  zone,  4 by  2 zones,  and  1 by  4 zones.  Most  of  the 
ones  were  less  than  100  feet  below  land  surface,  and  most  of  the  deep 
'ells  obtained  their  water  from  a single  deep  zone.  The  deeper  zones  did 
ot  appear  to  be  smaller,  however,  as  the  two  that  were  below  200  feet 
lielded  15  and  20  gpm. 

Lithologic  logs  of  the  wells  were  scarce,  but  where  data  were  available, 
ley  indicated  that  the  yielding  zone  was  usually  a quartzite  bed. 

Evaluation  of  the  aquifer. — ^The  Peters  Creek  Schist  appears  to  have 
reater  potential  than  has  yet  been  realized.  The  quartzite  beds,  which 
haracterize  this  formation,  fracture  easily  and  serve  as  excellent  conduits. 

Although  the  wells  inventoried  were  drilled  chiefly  for  domestic  supplies, 
early  a third  yielded  20  gpm  or  more  and  one  was  reported  to  yield  over 

00  gpm.  Of  the  9 wells  yielding  20  gpm  or  more,  4 were  less  than  100 
jet  deep;  yet,  as  noted  above,  productive  water-bearing  zones  were  inter- 
epted  below  200  feet.  Yields  of  20  gpm  or  more  were  obtained  from  wells 
■ n uplands  and  slopes,  and  in  draws  (no  wells  were  inventoried  in  valleys). 
Veils  in  the  uplands  were  deepest,  wells  on  the  slopes  were  intermediate 

1 depth,  and  wells  in  the  draws  were  the  shallowest.  For  the  largest  sup- 
nlies  of  water  in  this  formation,  therefore,  the  wells  should  be  drilled  in 
(raws  to  depth  of  at  least  300  feet. 

Water  quality. — Three  water  samples  were  analyzed  in  the  laboratory. 
)issolved  solids  ranged  from  79  to  200  ppm  and  iron  from  0.14  to  1.1 
ipm. 

The  acidity  of  5 1 samples  was  measured  and  the  median  pH  was  found 
0 be  6.1.  The  water  was  generally  soft  (median  hardness  about  3 gpg), 
.nd  the  median  conductance  was  about  120  micromhos. 


duckies  Quartzite 

Stratigraphy. — The  Chickies  Quartzite  is  a vitreous  to  granular  quartzite 
hat  contains  interbedded  quartzose  schist  and  ranges  from  massive  to  thin- 
)edded.  The  basal  Hellam  Conglomerate  Member  ranges  widely  in  char- 
icter — containing  conglomerate,  sandstone,  arkosic  schist,  and  black  mica 
ichist.  The  thickness  of  the  Chickies  is  estimated  to  be  about  500  feet,  50 
eet  of  which  is  the  Hellam  Conglomerate  Member. 

Water-bearing  properties. — Yields  of  6 wells  in  the  Chickies  Quartzite 
vere  reported;  they  ranged  from  2 to  20  gpm,  and  the  median  was  11.5 
q)m.  Determinations  of  specific  capacity  were  made  for  2 wells  in  the 
Chickies  Quartzite;  both  were  0.2  gpm  per  ft.  The  1 well  tested  in  the 
Hellam  Conglomerate  Member  had  a specific  capacity  of  0.05  gpm  per  ft. 
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Depths  of  11  wells  in  the  Chickies  ranged  from  42  to  222  feet;  tl 
median  depth  was  112  feet.  Depths  of  8 wells  in  the  Hellam  ranged  fro. 
38  to  170  feet;  the  median  depth  was  67  feet. 

Depths  of  casings  in  9 wells  in  the  Chickies  ranged  from  13  to  60  fee  i 
and  the  median  depth  was  22  feet.  The  one  casing  measured  in  the  HeJ^ 
lam  was  74  feet  deep. 

The  point  of  entrance  of  the  water  was  reported  for  only  4 wells  in  tl  ' 
Chickies  and  none  in  the  Hellam;  3 of  the  wells  yielded  from  2 zones  ar  i* 
1 from  a single  zone.  Although  3 of  the  wells  were  less  than  100  fei 
deep  and  obtained  their  water  from  30  to  60  feet  below  the  surface,  or 
well  struck  water  at  170  and  215  feet. 


Evaluation  of  the  aquifer. — The  potential  of  the  Chickies  as  an  aquif( 
has  not  been  fully  explored,  and  its  importance  as  an  aquifer  is  reduced  b' 
its  small  areal  extent.  The  maximum  yield  recorded  in  this  investigatio 
was  only  20  gpm,  but  both  of  the  wells  yielding  20  gpm  were  shallow  well 
Deep  yielding  zones  are  known  to  be  present;  so,  in  order  to  obtain  tb 
maximum  potential  yields,  wells  should  be  drilled  to  a depth  of  300  fee 


i 


Water  quality. — One  water  sample  was  analyzed  from  the  Chickies  an 
one  from  the  Hellam.  The  sample  from  the  Chickies  contained  244  ppi 
dissolved  solids  and  0.34  ppm  iron;  and  that  of  the  Hellam  contained  5 
ppm  dissolved  solids  and  0.10  ppm  iron.  The  relatively  high  concentratior 
of  nitrate  in  both  of  these  samples  suggest  that  they  also  are  contaminatec 
The  median  pH  of  12  samples  from  the  Chickies  was  5.8;  and  the  media 
pH  of  6 samples  from  the  Hellam  was  about  5.6.  The  median  hardness  d 
1 1 samples  from  the  Chickies  and  8 samples  from  the  Hellam  was  2 gpjl 
The  median  specific  conductance  of  12  samples  from  the  Chickies  was  12; 
micromhos  and  the  median  specific  conductance  of  8 samples  from  th' 
Hellam  was  75  micromhos. 


Harpers  Schist  ! 

Stratigraphy. — The  Harpers  Schist  is  a gray  sandy,  micaceous  schist  con 
taining  beds  of  quartz  schist  and  thin-bedded  quartzite.  The  thickness  range 
widely.  In  the  railroad  cut  at  Atglen  the  thickness  was  estimated  to  be  28' 
feet,  but  a few  miles  north  of  Coatesville,  in  the  Barren  Hills,  it  was  esti 
mated  to  be  1,500  feet.  Because  the  Antietam  Quartzite  is  not  generall 
recognizable  on  the  south  flank  of  the  Mine  Ridge  anticfine,  it  is  includei 
in  the  Harpers.  The  two  formations  are  separated  in  the  extreme  northwes 
corner  of  the  area  of  this  investigation. 

Water-bearing  properties. — Reported  yields  of  6 wells  ranged  from  4 t( 
30  gpm  and  the  median  was  about  14  gpm.  The  single  specific-capacity  de 
termination  was  1.7  gpm  per  ft.  Reported  depths  of  7 wells  ranged  frori 
28  to  160  feet  and  the  median  depth  was  125  feet.  Reported  casing  depth 
for  5 wells  ranged  from  28  to  120  feet  and  the  median  depth  was  36  feet 
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Yielding  zones  were  reported  in  only  3 wells.  One  well  yielded  from  a 
single  zone,  1 from  2 zones,  and  1 from  3 zones.  These  zones  ranged  in 
iepth  from  60  to  125  feet. 

Evaluation  of  the  aquifer. — The  Harpers  is  of  small  areal  extent  and, 
consequently,  of  minor  importance  as  an  aquifer.  Wells  in  the  formation 
are  relatively  shallow  and,  for  the  most  part,  are  not  situated  in  the  most 
tavorable  topographic  position  so  that  the  aquifer’s  potential  is  still  un- 
iknown. 

' Water  quality. — The  single  sample  of  water  from  the  Harpers  had  a dis- 
solved-solids  content  of  132  ppm  and  an  iron  content  of  0.10  ppm.  The 
median  pH  in  the  4 samples  tested  was  5.5.  The  median  hardness  of  these 
samples  was  1.5  gpg  and  the  median  specific  conductance  was  125  microm- 
lios. 

Vintage  Dolomite 

Stratigraphy. — The  Vintage  Dolomite  is  exposed  in  a narrow  band  that 
trends  northeastward  in  the  Chester  Valley  from  Coatesville,  and  in  a 
small  area  in  the  northwest  corner  of  the  Parkesburg  quadrangle.  It  is  a 
dark-blue  granular  dolomite  that  generally  has  a wavy,  knotted  texture 
owing  to  differential  weathering  of  impurities.  The  formation  is  usually 
overlain  by  a thick  dark  red  mantle  of  residual  soil. 

Water-bearing  properties. — Data  were  available  on  two  wells.  One  well 
was  55  feet  deep  and  yielded  3 gpm,  the  other  was  300  feet  deep  and 
yielded  665  gpm.  The  difference  in  yields  is  probably  due  not  so  much  to 
the  difference  in  depth  as  to  the  inherent  variability  of  the  formation.  The 
depth  of  casing  was  known  only  in  the  deeper  well,  where  it  was  208  feet. 
Depth  to  yielding  zones  was  unknown. 

Water  quality. — Laboratory  analyses  of  water  from  the  2 wells  were 
similar.  Dissolved  solids  were  116  and  144  ppm  and  iron  was  0.34  and 
0.29  ppm.  The  single  field  determination  of  water  quality  made  was  on 
I the  water  from  the  shallower  well:  the  pH  was  7.6,  the  hardness  6 gpg,  and 
|jthe  conductance  195  micromhos. 

Kinzers  Formation 

Stratigraphy — The  Kinzers  Formation  outcrops  in  a narrow  band  ad- 
jacent to  the  Vintage  Dolomite  in  the  Chester  Valley.  It  is  a micaceous 
limestone  containing  interbedded  calcareous  mica  schist  and  is  about  150 
feet  thick.  In  places  the  weathered  rock  has  been  quarried  for  building  sand. 

Water-bearing  properties. — Data  were  available  for  2 wells.  One  was  65 
feet  deep,  the  other  was  147  feet  deep.  The  shallow  well  yielded  an  un- 
known amount  from  a zone  about  45  feet  deep,  and  the  deep  well  yielded 
about  10  gpm  from  a zone  145  feet  below  land  surface.  The  deeper  well 
had  a reported  depth  of  casing  of  only  4 feet. 
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Water  quality. — Laboratory  analysis  of  water  from  the  shallower  we' 
showed  it  to  have  178  ppm  dissolved  solids  and  0.17  ppm  iron.  Field  df 
terminations  were  made  of  the  hardness  and  the  conductance  of  the  wah 
from  each  well.  The  hardnesses  were  both  6 gpg  and  the  conductances  wei 
300  and  350  micromhos. 

Ledger  Dolomite 

Stratigraphy. — The  Ledger  Dolomite  crops  out  in  a low,  central  part  c 
the  Chester  Valley,  northeastward  from  Coatesville.  It  is  generally  a pure 
light-gray  to  white  crystalline  dolomite,  but  locally  it  contains  beds  of  hig] 
calcium  content.  The  formation  is  locally  so  massive  and  homogeneou 
that  bedding  planes  cannot  be  seen.  A deep  red,  fertile,  residual  soil  i 
commonly  developed  on  an  irregular  bedrock  surface.  The  thickness  of  thi 
Ledger  is  estimated  to  be  600  feet. 

Water-bearing  properties. — Records  from  7 wells  show  yields  ranginj 
from  7 to  150  gpm;  well  depths  from  42  to  400  feet  and  casing  depth: 
from  5 to  100  feet.  Most  wells  yielded  from  a single  zone  and  none  ob 
tained  water  below  150  feet,  although  2 wells  were  over  200  feet  deep 
These  records  may  not  be  indicative  of  the  Ledger’s  potential,  as  industria 
and  public  supply  wells  tapping  the  Ledger  in  the  Schuylkill  River  basir 
(east  of  the  area  of  this  investigation)  were  reported  to  have  a median  yielc 
of  more  than  750  gpm.  These  wells  intercepted  yielding  zones  at  depths 
of  500  feet  or  more,  and  many  of  them  contained  more  than  200  feet  of 
casing  (C.  R.  Wood,  oral  communication). 

The  Ledger  is  important  as  a potential  aquifer  in  the  eastern  part  of  the 
Chester  Valley  in  the  area  of  this  investigation.  Wells  should  probably 
be  drilled  to  depths  of  about  500  feet.  Mud  was  reported  to  flow  into  some 
wells  from  the  solution  openings.  These  openings  may  have  to  be  cased 
off,  if  special  development  or  screening  of  the  wells  is  not  effective. 

Water  quality. — The  single  chemical  analysis  showed  the  water  to  have 
a dissolved-solids  content  of  202  ppm  and  an  iron  content  of  0.06  ppm. 
Four  field  analyses  were  made.  The  median  pH  was  7.0,  the  median  hard- 
ness was  14  gpg,  and  the  median  conductance  was  488  micromhos. 

Elbrook  Limestone 

Stratigraphy. — The  Elbrook  Limestone  is  exposed  in  a narrow  band 
south  of  the  Ledger  Dolomite,  in  the  Chester  Valley,  east  of  Coatesville.  It 
is  a finely  laminated,  fine-grained  marble,  containing  beds  of  dolomite  and 
limestone.  Muscovite  and  sericite  are  present  locally  on  cleavage  and  bed- 
ding planes.  The  rock  weathers  to  shaly,  porous  fragments  and  to  a light- 
yellow  ocherous  soil.  The  formation  is  estimated  to  be  about  300  feet  thick. 

Water-bearing  properties. — Yields  of  15  and  150  gpm  were  reported 
from  two  wells  that  were  85  and  200  feet  deep  and  contained  50  and  100 
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l:feet  of  casing.  The  depth  to  water-bearing  zones  were  reported  only  on  the 
iishallower  well,  which  yielded  from  two  zones,  55  and  85  feet  below  land 
; surface. 

|l  However,  data  on  13  wells  in  the  Elbrook  in  the  Chester  Valley  east  of 
■ the  project  area  indicate  that  the  Elbrook  is  a poor  aquifer  ( median  re- 
! ported  yield  of  5 gpm).  The  cause  for  the  disparity  of  yields  is  not  known. 

I Water  quality. — The  single  sample  of  water  from  the  Elbrook  analyzed 
!|in  the  laboratory  had  a dissolved-solids  content  of  319  ppm  and  an  iron 
I content  of  0.10  ppm.  The  field  measurements  made  on  this  sample  show  a 
tpH  of  7.6,  a hardness  of  14  gpg,  and  a conductance  of  550  micromhos. 

Conestoga  Limestone 

I Stratigraphy. — The  Conestoga  Limestone  is  the  most  widespread  forma- 
Ition  exposed  in  the  Chester  Valley  in  the  area  of  this  investigation.  It  ex- 
|;tends  the  length  of  the  valley,  and  west  of  Coatesville  occupies  the  full 
width  of  the  valley.  It  is  a blue  to  gray,  impure,  granular,  thin-bedded, 
micaceous  limestone.  Locally  it  ranges  from  argillaceous  to  sandy,  and  it 
may  weather  to  a dark,  sometimes  graphitic,  shale  or  to  a porous  sand- 
stone. Dark  partings  give  the  weathered  rock  a banded  or  ribbed  appear- 
lance.  Many  of  the  basal  beds  are  conglomeratic,  containing  pebbles  and 
■large  masses  of  marble  in  a limestone  matrix.  Because  of  chemical  impuri- 
ities  in  the  limestone,  the  surface  relief  in  the  area  of  outcrop  is  greater 
jthan  it  is  in  the  areas  underlain  by  more  pure  limestones.  The  Conestoga 
■is  estimated  to  be  at  least  500  feet  thick. 

Water-bearing  properties. — Seven  of  the  9 reported  yields  ranged  from 
'1  to  30  gpm;  the  other  2 yields  were  100  and  175  gpm.  Specific  capacities 
lof  0.1  and  0.4  gpm  per  ft  were  obtained  from  one-hour  tests  on  2 of  the 
dower-yielding  domestic  wells.  The  depths  of  the  16  wells  inventoried  ranged 
from  42  to  200  feet  and  the  median  depth  was  90  feet.  Only  eight  measure- 
ments of  casing  depth  were  obtained;  the  depths  ranged  from  18  to  134 
feet,  and  the  median  depth  was  49  feet. 

Depth  to  water-bearing  zones  was  obtained  on  only  3 shallow  wells,  each 
of  which  yielded  from  a single  zone.  They  included,  however,  the  highest 
yielding  well  inventoried  in  the  Conestoga;  a 90-foot  well  which  yielded 
175  gpm  from  a zone  84  feet  deep. 

The  Conestoga  cannot  be  completely  evaluated  with  the  data  at  hand 
because  supplies  adequate  for  the  well  owners  were  obtained  at  shallow 
depth.  The  aquifer  appears  capable  of  large  yields,  however,  and  wells 
should  probably  be  drilled  to  about  300  feet  in  order  to  obtain  maximum 
yields. 

Water  quality. — The  single  analysis  of  the  water  showed  a dissolved- 
solids  content  of  357  ppm  and  an  iron  content  of  0.10  ppm.  On  the  basis 
of  9 field  analyses,  the  median  pH  was  7.0,  the  median  hardness  was  14 
gpg,  and  the  median  conductance  was  500  micromhos. 
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Local  Aquifers 

The  rocks  comprising  this  group  are  the  Franklin  Limestone,  the  An  I 
tietam  Quartzite,  and  the  serpentine,  pegmatite,  and  diabase.  Most  of  th( 
units  are  present  only  in  small,  isolated  exposures.  Data  were  sparse  in  al  i 
of  the  units. 

Franklin  Limestone 

The  Precambrian  Franklin  Limestone  is  a banded  marble,  not  over  5( 
feet  thick,  and  is  exposed  in  a small  area  near  Brinton  Bridge  on  th{ 
Brandywine  Creek.  No  hydrologic  data  were  available. 

Antietam  Quartzite 

Stratigraphy. — The  Antietam  Quartzite  is  a gray  laminated  quartzite  anc : 
quartzose  schist  that  is  characteristically  rust-spotted  and  stained  in  smal 
depressions  on  the  bedding  surfaces.  These  depressions  are  commonly  be- 
lieved to  be  poorly  preserved  casts  of  fossil  shells.  The  Antietam  is  gener- ; 
ally  indistinguishable  from  the  Harpers  Schist  in  this  area  and  is  mappec : 
with  the  Harpers  except  in  the  extreme  northwest  corner  of  the  Parkes- . 
burg  quadrangle.  Its  thickness  is  not  determinable  in  the  Parkesburg  quad-, 
rangle;  but  in  the  Barren  Hills,  a few  miles  to  the  northeast,  the  thickness! 
is  estimated  to  be  150  feet.  ' 

Water-bearing  properties  and  water  quality. — The  Antietam  is  unimpor- 
tant as  an  aquifer  because  it  is  sparsely  settled  in  this  area  and  no  wellsl 
were  found  in  the  formation.  A field  analysis  was  made,  however,  of  the 
water  from  a spring;  the  pH  was  5.6,  the  hardness  1 gpg,  and  the  con- 
ductance 60  micromhos. 


Serpentine 

Stratigraphy. — Serpentine  is  present  in  many  small  isolated  exposures. 
Associated  exposures  are  believed  by  Bascom  and  Stose  (1932,  p.  8)  to 
be  part  of  a single  body.  They  cite  as  evidence  that  wells  drilled  into  ser- 
pentine at  the  Westtown  School  lie  along  strike  and  1 to  2 miles  distant 
from  exposures  of  serpentine  to  the  southwest  and  northeast.  McKinstry 
(1961,  p.  560)  notes  that  serpentine  usually  occurs  along  zones  of  regional 
shearing  and  is  itself  strongly  sheared. 

Serpentine  is  a magnesium-rich  rock  derived  from  pyroxenite  (a  non- 
feldspathic  pyroxene-bearing  rock)  and  from  peridotite  (a  nonfeldspathic 
olivine-pyroxene  rock).  The  serpentine  derived  from  pyroxene  is  usually 
somewhat  fibrous  and  that  derived  from  olivine  is  massive.  Serpentine  gen- 
erally weathers  less  readily  than  the  other  rocks;  thus,  it  forms  low  hills 
and  ridges  that  are  mantled  by  a thin,  low-fertility  soil. 
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j Water-bearing  properties. — The  yields  reported  for  4 wells  in  the  serpen- 
) ine  ranged  from  4 to  80  gpm,  and  the  median  was  18  gpm.  The  one  well 
I )n  which  a pumping  test  was  run  had  a specific  capacity  of  0.6  gpm  per 
1 1.  Depths  of  5 wells  ranged  from  40  to  310  and  had  a median  depth  of 
T04  feet.  Casing  depths  of  15  and  108  feet  were  also  obtained. 

' Water-bearing  zones  were  known  in  2 wells.  One  yielded  from  a single 
: :one  at  45  feet  and  the  other  from  three  zones  at  depths  of  58,  107,  and 
-'54  feet. 

The  serpentine  appears  to  be  capable  of  yielding  small  to  moderate  sup- 
; )lies  of  water.  The  wells  should  probably  be  at  least  200  feet  deep. 

I Water  quality. — The  single  water  sample  analyzed  in  the  laboratory  had 

I I dissolved-solids  content  of  221  ppm  and  an  iron  content  of  0.07  ppm. 

I "our  pH  and  five  hardness  and  conductance  measurements  were  made  in 

he  field.  The  median  pH  was  6.6,  the  median  hardness  was  5 gpg,  and  the 
i aedian  conductance  was  230  micromhos. 

Pegmatite 

t Stratigraphy.- — Pegmatite  is  abundant  in  the  area  as  sill-like  bodies  which 
j,:enerally  have  a strike  similar  to  that  of  the  enclosing  formation  and  a dip 
f pproximately  that  of  the  schistosity  of  the  formation.  In  many  places  it 
:i3  exposed  as  a series  of  lenses  rather  than  as  a continuous  body.  In  addi- 
ion  to  the  mapped  bodies  of  pegmatite,  Bascom  and  Stose  (1932,  p.  9) 

; |iote  that  “.  . . there  are  innumerable  paper-thin  injections  of  pegmatite  in 
lie  gneiss,  which  completely  alter  the  character  of  the  invaded  rock.  . 

1 The  pegmatite  ranges  in  composition  from  that  of  granite  to  gabbro  and 
an  be  distinguished  from  these  rocks  by  its  coarser  grain,  irregular  texture, 
nd  (occasionally)  by  the  presence  of  rare  minerals. 

In  the  Wissahickon  the  pegmatite  occurs  in  the  middle  and  high  grade 
ones  of  metamorphism  (McKinstry,  1961,  p.  560)  and  is  reportedly  of 
Deal  derivation,  as  the  lenses  have  the  same  composition  as  the  surround- 
Qg  rock.  Pegmatite  seems  to  be  absent  from  the  zone  of  low  grade  meta- 
aorphism,  but  lenses  similar  in  shape  to  the  pegmatite  lenses  of  the  more 
aetamorphosed  zones  are  present  and  consist  of  quartz,  calcite,  and  albite. 

Water-bearing  properties  and  water  quality. — Although  the  pegmatite 
ills  are  widespread,  they  are  quite  small;  so,  the  pegmatite  is  unimportant 
s an  aquifer.  Only  one  well  was  found  that  penetrated  this  rock.  The  depth 
tf  the  well  was  100  feet.  A field  analysis  showed  the  water  had  a pH  of 
.8,  a hardness  of  6 gpg,  and  a specific  conductance  of  250  micromhos. 

Diabase 

Stratigraphy. — Several  dikes  of  diabase  strike  northeastward  across  the 
rea.  One  prominent  dike  leaves  the  area  of  this  investigation  near  Coates- 
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ville  and  another  leaves  the  area  northeast  of  West  Chester.  The  diabase  i 
a medium-  to  fine-grained  rock  composed  chiefly  of  plagioclase  and  pi 
roxene  in  equal  amounts.  It  is  Triassic  in  age. 

Water-bearing  properties  and  water  quality. — The  diabase  is  small  i 
areal  extent  and,  so,  unimportant  as  an  aquifer;  also,  it  is  dense  and  har 
to  drill,  and  only  domestic  supplies  are  obtainable.  The  single  well  recor 
obtained  from  diabase  in  this  area  was  that  of  a well  255  feet  deep  thj 
yielded  a half  gallon  per  minute  from  a depth  of  70  feet.  The  water  had 
pH  of  7.3,  a hardness  of  5 gpg,  and  a conductance  of  175  micromhos. 

Reports  from  adjacent  areas  indicate  that  this  is  a somewhat  poort 
yield  than  normal,  and  that  yields  of  about  5 gpm  are  more  typical  of  th 
diabase. 


CONCLUSIONS 

The  ground  water  occurs  in  and  moves  through  fractures  in  the  rock; 
Most  of  these  water-bearing  zones  are  less  than  200  feet  below  the  sui 
face,  but  some  in  the  Baltimore  Gneiss  are  deeper  than  300  feet.  Well 
commonly  intercept  two  or  more  zones. 

Wells  in  draws  and  valleys  yield  more  than  those  on  slopes  and  uplands 
and  are  generally  shallower. 

Depth  of  weathering,  as  indicated  by  casing  lengths,  is  not  affected  b 
topographic  position.  The  importance  of  the  weathered  zone  as  a reservoi 
appears  to  be  restricted  by  the  abundance  of  clayey  material. 

The  influence  of  metamorphism  is  shown  by  a decrease  in  well  yield  am 
an  increase  in  depth  of  weathering  as  the  metamorphic  rank  of  the  rock 
increases  from  slate  to  gneiss. 

The  water  is  of  the  calcium  magnesium  bicarbonate  type.  It  is  slightl 
acidic — having  a median  pH  of  6.6 — and  is  soft,  having  a median  hardnes 
of  3 gpg.  The  median  dissolved-solids  content  is  146  ppm. 

Large  yields  were  obtained  from  several  of  the  formations.  These  maxi 
mum  yields  were  270  gpm  from  the  Baltimore  Gneiss,  330  gpm  from  tb 
Cockeysville  Marble,  350  gpm  from  the  Wissahickon  Formation,  312  gpn 
from  the  Peters  Creek  Schist,  665  gpm  from  the  Vintage  Dolomite,  15( 
gpm  from  the  Ledger  Dolomite  and  Elbrook  Limestone,  175  gpm  from  tb 
Conestoga  Limestone,  125  gpm  from  the  gabbro,  and  80  gpm  from  thi 
serpentine.  Although  these  yields  are  not  typical  of  the  yields  that  may  b( 
commonly  expected,  they  are  more  indicative  of  the  potential  of  thes( 
rocks  than  the  median  yields  of  the  domestic  wells  that  provided  the  bull 
of  the  data  available. 

Data  were  not  sufficiently  abundant  for  adequate  appraisal  of  the  Setteri 
Formation,  Chickies  Quartzite,  Harpers  Phyllite,  Antietam  Quartzite,  Kin 
zers  Formation,  pegmatite,  and  diabase. 
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417-A,  21  p. 

■ Swartz,  F.  M.  (1948),  Trenton  and  sub-Trenton  of  outcrop  areas  in  New  York,  Penn- 
i sylvania,  and  Maryland.  Am.  Assoc.  Petroleum  Geologists  Bull.,  v.  32,  p.  1493- 
1595. 

.1  U.  S.  Public  Health  Service  (1962),  Drinking  water  standards.  Public  Health  Service 
I Pub.  No.  965,  61  p. 
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Utaim  prr  tpiUon 


Chickics  Quaruiic 

(JranuUr  duetunt  t'c  main, r and Mn-firdieJ  cenimm  semr  ^uan:  and  mlea 
SKhln  I'unphmtianr  lltllam  Membri.  at  bjw  Median  r.poned  >ifW  of 
.■elh  In  C/iieiiri  is  12  <pm.  ihe  pVldj  lange  Iwm  2 to  20  ppm  Affrfian  hard- 
nea  el  >.  ai.e  is  2 giuini  per  ganon. 


Pelcrs  Creek  Schcsi 

Finegrained  lemmiied  efihnie  mica  schist,  Median  reporied  yield  of  .eils  is 


Wissahickon  Pormalion 

C-SAojM  phase,  X.t,  lypieellv  ef  phyWte;  eemiainj  ehleiHie.  aJhile,  and  mm- 
fai  fit  Median  r/perieJ  sicM  of  mells  is  S ppm,  the  sielJs  range  from  0 la  SO 

cmirniv  erjstalline  schist,  contain,  muscome,  duort:.  and  fetdipas  Median  re- 
purud  ritld  of  .ells  is  10 J vpni,  the  iields  range  [rent  0 to  330  gpm.  Median 
hardnessol.'siei  */  3 groins  per  gallon 


Cockes-svillo  Marble 


Setters  Quarizilc 

QaanzHe.  qaarniiic  schist,  and  loeallv.  mica  gneiss.  .Median  repcried  j-iWcf  el 
. elh  II 16  gpm;  ihe  yields  range  from  12  lo  S3  gpm.  .Median  hardness  oi  .aier 

IS  ■ s-rains  per  golion. 


Baltimore  Gneiss 

Conioried  handed  gneiss.  pChn.  eamposeJ  of  ou^t.leldsr^.  and  . 
loriii  Mehiiie  pChgg.  .Median  reporied  yield  ol  .ells  in  •narmaT  phase 
' if/7  «m'  ihe  yields  range  Irom  I lo  220  gpms  graphUic  phase 


ROCKS  OF  IGNEOUS  ORIGIN 


Diabase 


llnimporlani  as  a sourve  ot 


IHKI 


IF  COATI'.SVTLI.E 
A'LVANIa 


AND 


Gabbto 

CAiirtv  ealcie  piagioelase  and  hvpersrhene  in  augiie.  may  conlain  aiiartc.  In 
S"tsd.  masses  m H’lMuAiVrpfr.  hoenhlenJe  reptiKei  Median  repotted 

yield  w -rill  II  10  gpm:  the  yields  range  Irom  4j  in  123  gpm.  MeJi.m  hard- 
ness M . arer  is  4 grains  per  gallon. 


Serpentine 

flhrcsss  IP  maiiai  magnesium-rich  loel.  Median  reported  yield  ol  .elb  is  M 
gpm;  ihe  yields  range  Irom  4 so  60  gpm.  Median  hardness  ol  .aier  is  3 grains 


Pegmatite 

Cnmpostilon  ranges  from  granilr  lo  gahhro;  prereni 


.mill  tsIl-Me 


SYMBOLS 
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PENNSYLVANIA  OEOLOOICAL  SL'P.VEY 


BULf-CTlN  Wa,  PUTE  3 


Plate  3.  Graph  Showing  \Vatcr-Lc\'cI  Fluctuations  in  Well  9S6-555-I 
and  Precipitation  at  U.S.  Weather  Bureau  Station  at  Coatcsvillc 


